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ABSTRACT

REASSESSING SURVIVAL, MOVEMENT, RESOURCE SELECTION, AND
SIGHTABILITY OF PRONGHORN IN WESTERN SOUTH DAKOTA
ADAM KAUTH
2017

Limited information exists on the survival, movements, resource selection, and
densities of pronghorn (Antilocapra americana) inhabiting sagebrush-steppe regions
within the Dakotas. Primary objectives of this study were to develop a sightability model
for aerial surveying and to document survival rates and movement patterns for pronghorn
in western South Dakota. Secondary objectives were to estimate seasonal home ranges,
daily movements, determine cause-specific mortality, and evaluate summer and winter
resource use and selection. Additionally, we evaluated exposure of pronghorn to novel
diseases including Epizootic Hemorrhagic Disease (EHD), West Nile Virus (WNV), Blue
Tongue Virus (BTV), Bovine Viral Diarrhea Virus (BVDV), Neospora, and
Parainfluenze-3 (PI-3). From February 2015 to December 2016, we monitored 69 adult,
34 yearling, and 92 fawn pronghorn within and surrounding Butte County, South Dakota.
Overall survival rates for adults and yearlings were 0.87 (95% CI, 0.79 – 0.93) and 0.78
(95% CI, 0.59 – 0.90), respectively. Mean survival rate for fawns pooled across years
was 0.66 (95% CI, 0.56 – 0.75) with predation (n = 15) as the leading cause of mortality.
In comparison, predation accounted for 2 adult and 5 yearling mortalities overall. In
2015, we collected blood samples and extracted serum from 50 (40 adult, 10 yearling)
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pronghorn. Disease exposure was variable and ranged from 5% for BTV and BVDV to
67.5% for WNV; EHD (60%), PI-3 (40%), and Neospora (10%) were intermediate
relative to exposure. We calculated 124 home ranges and documented 19 seasonal
movements from 67 adult female pronghorn using 5,297 locations. Likewise, 30 home
ranges and 17 seasonal movements were documented from 33 yearling pronghorn using
1,578 locations. We classified 4 individuals as conditional migrators and the majority of
adult females (≥86.1%) as non-migratory. Over the course of 4 seasonal periods (i.e.,
spring 2015, fall 2015, spring 2016, fall 2016), mean distance traveled for dispersing
adult female pronghorn between summer and winter areas ranged from 11.9 km (SE =
1.3) to 14.8 km (SE = 3.8). Twelve of 40 fawns captured in spring 2015 were monitored
through their second summer as yearlings. We classified 7 of 12 individuals (58%) as
dispersers from natal home ranges. Mean distance traveled for dispersing yearlings over 3
seasonal periods ranged from 12.9 km (SE = 1.4) to 15.4 km (SE = 2.0). Mean 95%
winter and summer home ranges for adults were 73.7 km² and 30.3 km², respectively. In
comparison, yearling 95% winter and summer home ranges were 75.9 km² and 53.7 km²,
respectively. Daily distance traveled by adult female pronghorn differed (P < 0.00001)
between summer (May-October) and winter (November-April). However, we observed
higher daily distances traveled by yearling pronghorn during April – June when some
individuals wander during establishment of permanent home ranges. Highways seemed to
be a significant barrier in impeding pronghorn movement across our study area with 42%
of study individuals within 1 km of a highway and only 4 documented crossing
occasions. We used Design III analyses to evaluate resource selection from 4,786 visual
observations collected via radio-telemetry. Our study area was classified as native
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rangeland, alfalfa/hay, winter wheat/small grains, and harvested/idle encompassing
minimum convex polygons for 35, 40, and 49 adult female pronghorn during summer
2015, winter 2015-16, and summer 2016 seasons, respectively. Adult female pronghorn
did not use habitat in proportion to its availability during all seasons examined (P <
0.001). Analyses demonstrated that in 2015 and 2016 pronghorn selected for alfalfa/hay
(2015: ŵ = 3.688, CI = 1.450 – 5.925; 2016: ŵ = 1.417, CI = 1.178 – 1.655) and
harvested/idle fields (2015: ŵ = 6.000, CI = 6.000 – 6.000; 2015: ŵ = 6.375, CI = 6.375 –
6.375) during summers. During winter 2015-16, pronghorn selected for winter wheat
fields (ŵ = 6.077, CI = 4.793 – 7.361). Selection of alfalfa/hay and winter wheats fields
was evident in pronghorn groups found in the southern regions of our study area.
Furthermore, we observed pronghorn selecting positively for water sources <2 km from
locations during winter 2015-16 (ŵ = 1.058, CI = 1.013 – 1.103) and summer 2016 (ŵ =
1.044, CI = 1.010 – 1.078) with occurring drought conditions. A total of 50 adult and 16
yearling radio-collared pronghorn were used to develop our sightability models. Group
size, activity, cover type, topography, and background were selected as sightability
coefficients for estimating visibility bias. We collected a total of 235 group observations
containing at least one radio-collared pronghorn with an overall detection probability of
0.86. Through logistic regression, coefficients for group size, topography (i.e., terrain
ruggedness), and background (i.e., vegetation greenness of pronghorn group location
perceived by the survey observers) were factors that influenced the detection of
pronghorn during model development: µ = 5.27 + 0.09 (group size) – 0.04 (topography)
– 0.54 (background). Model averaging determined a relative variable importance of 1.00
for topography, 0.75 for background, and 0.53 for group size. Our study provides further
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information beneficial to state wildlife managers on an historical population of pronghorn
previously used to reestablish populations throughout western South Dakota.

1
CHAPTER 1
SURVIVAL OF PRONGHORN IN WESTERN SOUTH DAKOTA
Abstract: Limited information exists on survival and cause-specific mortality of
pronghorn (Antilocapra americana) inhabiting sagebrush-steppe regions of the Dakotas.
Objectives of our study were to provide additional estimates of survival and causespecific mortality for adult (>18 months), yearling (6-18 months), and fawn (<6 months)
pronghorn in western South Dakota. Additionally, we evaluated exposure of pronghorn to
novel diseases Epizootic Hemorrhagic Disease (EHD), West Nile Virus (WNV), Blue
Tongue Virus (BTV), Bovine Viral Diarrhea Virus (BVDV), Neospora, and
Parainfluenze-3 (PI-3). From February 2015 to December 2016, we monitored 69 adult,
34 yearling, and 92 fawn pronghorn within and surrounding Butte County, South Dakota.
Overall survival rates for adults and yearlings were 0.87 (95% CI, 0.79 – 0.93) and 0.78
(95% CI, 0.59 – 0.90), respectively. Mean survival rate for fawns pooled across years
was 0.66 (95% CI, 0.56 – 0.75) with predation (n=15) as the leading cause of mortality.
In comparison, predation accounted for 2 adult and 5 yearling mortalities during our
study. In 2015, we collected blood samples and extracted serum from 50 (40 adult, 10
yearling) pronghorn. Disease exposure was limited to adults and ranged from 5% for
BTV and BVDV to 67.5% for WNV; EHD (60%), PI-3 (40%), and Neospora (10%) were
intermediate relative to exposure. Our study provides information on an historical
population of pronghorn previously used to reestablish populations throughout western
South Dakota.
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INTRODUCTION
Understanding temporal and spatial population dynamics is necessary to
effectively manage wildlife populations. Accordingly, this information allows for
development of population and harvest models (Ballard et al. 1999). Research examining
pronghorn (Antilocapra americana) survival has been well documented throughout
western North America (Martinka 1967, West 1970, Beale and Smith 1973, Barrett 1982,
Jacques et al. 2007, Kolar et al. 2012, Taylor et al. 2016). However, survival and causespecific mortality differs with sex, age, and density of pronghorn regionally and
seasonally within populations (Martinka 1967, Beal and Smith 1973, Fairbanks 1993,
Gregg et al. 2001, O’Gara and Yoakum 2004). Natural and anthropogenic factors
influencing pronghorn survival include predation (Jacques et al. 2005, Keller et al. 2013),
disease (O’Gara and Yoakum 2004), severe weather (Barrett 1982, deVos and Miller
2005), hunter harvest (Jacques et al. 2007, Kolar et al. 2012), and vehicular collisions
(Mitchell 1980).
Pronghorn populations in western South Dakota are distributed with an eastward
extension of sagebrush (Artemisia sp.) steppe communities (Schroeder et al. 1999, Smith
2004). Previous research documenting cause-specific mortality for pronghorn in western
South Dakota has been heavily influenced by predators, especially for fawns (Jacques et
al. 2007, Keller et al. 2013). Likewise, predation has been cited as a significant mortality
factor for pronghorn neonates, affecting small or declining pronghorn populations (Von
Gunten 1978, Tucker and Garner 1980, Byers 1997, review by Yoakum and O’Gara
2000). However, survival rates of pronghorn neonates varied in western regions of South
Dakota, with pronghorn in Harding County documenting significantly higher summer
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survival for fawns than Fall River County or Wind Cave National Park from 2002-2004
(Jacques et al. 2007). Consequently, differences in neonate survival may be related to
variability in coyote (Canis latrans) populations.
Conversely, adult and yearling pronghorn mortality in South Dakota has been
shown to be mainly influenced by hunter harvest and predation when weather conditions
are favorable. Jacques et al. (2007) reported similar adult and yearling survival rates
across multiple study areas and seasons in western South Dakota, ranging from 0.82-1.00.
Nonetheless, even when survival is minimally impacted by hunting and predation
pressures, years of unfavorable weather conditions, such as summer droughts and severe
winters, can have immediate and negative effects on pronghorn survivability. Population
recovery from severe winters may be affected by the direct loss of animals and
subsequent reductions in fawn recruitment the following year (O’Gara and Yoakum
2004).
Epizootic diseases undoubtedly affect ungulate populations, including pronghorn
that may serve as a reservoir (Trainer and Jochim 1969). Of particular concern is
hemorrhagic disease (HD), such as bluetongue virus (BTV) and epizootic hemorrhagic
disease virus (EHDV, Dubay et al. 2006). During 1976, BTV was believed to be
responsible for 3,200 pronghorn mortalities in Wyoming during an outbreak that
seemingly followed the Cheyenne River drainage (Thorne et al. 1988). An additional 600
to 1,000 pronghorn died in 1984 during an epizootic when BTV was isolated from
necropsied animals (Thorne et al. 1988). BTV and EHDV have been documented in
white-tailed deer (Odocoileus virginianus, Stair et al. 1968), mule deer (Odocoileus
hemionus, Kistner et al. 1975), and bighorn sheep (Ovis canadensis, Robinson et al. 1967,
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Noon et al. 2002). However, the degree to which some diseases regionally influence
pronghorn populations is limited.
Reliable estimates of survival and cause-specific mortality are needed for
improved management of pronghorn populations, which includes understanding survival
for specific age cohorts. Without this information, hunted populations may be over or
underexploited (Nelson and Mech 1986). Primary objectives of this study were to
estimate overall, annual, and seasonal survival rates for adult (≥ 18 months), yearling (618 months), and fawn (0-6 months) pronghorn in the Butte County region of western
South Dakota. Secondary objectives were to determine cause-specific mortality for
pronghorn and document novel disease infection rates potentially contributing to
mortality in western South Dakota.
STUDY AREA
We conducted our study in an approximately 6,954 km² area within and around
Butte County in western South Dakota (Fig 1-1.), which included the Moreau and Belle
Fourche river drainage systems (Johnson 1976). Counties surrounding Butte County
included: Harding to the north; Perkins to the northeast; Meade to the east and south; and
Lawrence to the south. Both Wyoming and Montana bordered Butte County on the west.
Including Butte County, regions of southern Harding County, western Perkins County,
and northern Meade County were part of our study area and contained 5 pronghorn Game
Management Units (GMU’s). GMU’s were defined by political boundaries including
state and county borders and highways.
Western South Dakota had a continental climate typically characterized by hot
summers and cold winters. Average annual temperature and precipitation ranged from
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about 6°C and 33cm in the north to about 8°C and 38 cm, respectively, in southern
portion of the study area (Johnson 1976). Annual snowfall averaged roughly 81 cm.
Average elevation was roughly 895 m and ranged from 760 m to 1148 m above sea level
within our study area. Topography was mainly flat to gently rolling with isolated areas of
semi-rugged to rugged scattered buttes and ridges.
Grassland dominated the landscape with intermixed areas of sagebrush (Artemisia
sp.), cropland, and limited stands of ponderosa pine (Pinus ponderosa) and Rocky
Mountain juniper (Juniperus scopulorum). Species of sagebrush encompassing the
eastern extension of the sagebrush-steppe include both big sagebrush (Artemisia
tridentate) and silver sagebrush (Artemisia cana) (Schroder et al. 1999, Smith et al.
2004). Winter wheat (Triticum aestivale) and alfalfa (Medicago sativa) largely comprised
cultivated crops within our study area. Grassland in western South Dakota largely
consists of mixed to shortgrass prairie and include western wheatgrass (Agropyron
smithii), prairie junegrass (Koeleria pyramidata), buffalograss (Buchloe dactyloides),
green needlegrass (Stipa viridula), needle-and-thread (S. comate), side oats grama
(Bouteloua curtipendula) and blue grama (B. gacilis; Jacques et al. 2007). Grasslands
comprised the largest area at approximately 80% of the landscape, while sagebrush and
cropland made up less than 10% each (USDA 2016). The majority of rangelands within
our study area were used as grazing land for ranching or farming.
METHODS
During 12-13 February 2015 and 14 March 2016 we captured adult (>1.5 years
old) and yearling (0.5–1.5 years old) female pronghorn using a modified .308 caliber net
gun by a helicopter capture service company (Quicksilver Air, Peyton, Colorado, and
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Fairbanks, Alaska, USA). Pronghorn were netted from the helicopter and hobbled,
blindfolded, and examined at the capture location to reduce stress on those individuals
(Jacques et al. 2009). Once restrained, pronghorn were fitted with VHF (Very High
Frequency) radio equipped neck collars (Advanced Telemetry Systems, Inc, Isanti,
Minnesota, USA) equipped with mortality sensors designed to activate after the
transmitter had remained inactive for 8 hours. Radio-collared pronghorn were aged as
adults or yearlings based on incisor wear and replacement (Dow and Wright 1962). We
removed all hobbles and blindfolds from pronghorn once processing was complete. After
release we recorded handling time and the capture location using a Global Positioning
System (GPS, Garmin International Inc., Olathe, Kansas). We censored all mortalities
that occurred < 26 days post-capture from survival analysis as myopathies related to
capture stress (Beringer et al. 1996).
We drew 20 ml of blood via jugular venipuncture from adults and yearlings
captured in 2015. Sampled blood vials were warmed to room temperature and allowed to
clot before centrifugation. We separated and transferred blood serum using pipettes to
cryovial tubes and sent samples to the Animal Health Diagnostic Center at Cornell
University College of Veterinary Medicine (Ithaca, New York, USA) to analyze blood
titers for diseases known to infect pronghorn populations.
Pronghorn neonates were captured during May 2015 and 2016 following the
methods provided by Byers (1997) in areas near adult females who exhibited postpartum
behavior. To minimize potential abandonment or reduced fitness of observed newborn
neonates, we allowed adult females adequate time to form dam-neonate bonds prior to
any potential disturbance when relocating them. We observed solitary females during

7

daylight hours when neonates were nursed and relocated after an extended period of time
(Jacques et al. 2006). We then approached on foot and searched areas when necessary
before hand-capturing neonates using telescopic fishing nets (Frabill Inc., Plano, IL,
USA). Captured neonates were sexed, weighed (kg), age estimated (in days) based on
umbilical condition, and fitted with expandable breakaway radio-collars (Advanced
Telemetry Systems, Isanti, MN, USA) equipped with mortality sensors that triggered
after 4 hours of inactivity. In situations where neonates were wet from rain or exhibited
overly stressful behavior we did not weigh those individuals. Radio-collars were kept in
zip-lock bags filled with vegetation commonly found within pronghorn habitat at least 3
weeks prior to the fawn capture season to mitigate foreign scent. Additionally, we
handled neonates with sterile rubber gloves and made an effort to keep handling time <5
minutes. After processing captured individuals, we recorded geographical location using
a GPS and exited the area to allow adult females to return to their fawns. All animal
handling methods followed the American Society of Mammologists guidelines for
mammal care and use (Sikes et al. 2016) and were approved by the South Dakota State
University Institutional Animal Care and Use Committee (Approval No. 14-095A).
Radio-collared adults and yearling pronghorn were monitored for mortality 1-3
times per week using hand-held directional antennas, omnidirectional whip antennas, or a
fixed-wing Cessna 172 aircraft from February 2015 to December 2016. Using the same
techniques, we monitored survival of neonates daily for 9 weeks post-capture and 2-3
times per week thereafter up to 6 months of age, at which they then became classified as
yearlings. We immediately investigated all mortality signals and performed field
necropsies when necessary to determine cause of death. Predation was assigned as the
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cause of death only when there was strong indication of a chase (tracks and/or blood
trails), bruising from bite marks on neck, hocks, or rump (Cook et al., 1971; Beale and
Smith. 1973). Visceral organs for intact (non-scavenged) animals were investigated if
epizootic hemorrhagic disease or bluetongue were suspected (e.g., carcass found near
water, other dead pronghorn present, or blood around orifices; Kolar et al. 2012). If cause
of death could not be determined within the field, we collected and transported specimens
to the South Dakota Game, Fish and Parks Wildlife Laboratory in Rapid City, South
Dakota or the Animal Health Diagnostic Center at Cornell University College of
Veterinary Medicine for further examination. Natural causes of mortality included
predation, disease, and unknown mortalities; hunter harvest and capture myopathy were
classified as human-related mortalities.
We estimated overall, annual, and seasonal survival of adults, yearlings, and
neonates using the Kaplan-Meier method (Kaplan and Meier 1958) adapted for staggered
entry (Pollack et al. 1989) via known fate in Program Mark version 6.0 (White and
Burnham 1999, Cooch and White 2006). We separated seasonal survival for adults and
yearlings into pre-hunt (1 April – 31 August), Hunt (1 September – 31 October), and
post-hunt (1 November – 31 March) time intervals. Yearlings were incorporated into
adult survival following the hunt time interval. For fawns, we estimated 6 month survival
rates and compared survival rates by sex, month, and year.
We calculated winter severity based on a winter severity index (WSI) developed
by Baccannte and Woods (2010) that uses mean monthly temperature and total monthly
snowfall data. Data provided by the National Oceanic and Atmospheric Administration
(NOAA) were used to determine WSI for the study area within and around Butte County,
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South Dakota from November through April during the winters of 2015-2016 and 20162017. Monthly WSI’s were calculated using the formula: WSI = (T*(-0.1) +1)*(S);
where (T) = the mean average temperature and (S) = the accumulative snow fall for that
designated month.
RESULTS
We captured 50 adult (>18 months) and 11 yearling (6-18 months) pronghorn
during winters 2015 and 2016. On 12-13 February 2015, we captured 40 individuals as
adults and 10 individuals as yearlings (Appendix A). On 14 March 2016, we
supplemented animals that died the previous year by capturing 10 adults and 1 yearling
(Appendix B). During 2015, 2 adults that died within 26 days post-capture were
classified as myopathies and censored from analyses. We were also unable to relocate the
individual yearling captured in March 2016 until 1 March 2017 when it was found dead
and censored from analyses. We drew blood from 40 adults and 10 yearlings captured in
February 2015 for evaluating disease exposure. Diseases examined included (Appendix
A): Epizootic Hemorrhagic Disease (EHD), West Nile Virus (WNV), Blue Tongue Virus
(BTV), Neospora, Bovine Viral Diarrhea Virus (BVDV), and Parainfluenza-3 (PI-3).
Disease exposure was limited to adults; yearlings (n=10) were negative relative to
exposure for diseases evaluated. The percent of adults testing positive for titers included:
WNV (67.5%), EHD (60%), PI-3 (40%), BTV (5%), and BVDV (5%) (Fig. 1-2.)
Average WSI for our study area during the winters of 2015-16 and 2016-17 was 114 and
158, respectively.
We captured 92 neonates (49 males, 42 females, 1 unknown) during spring 20152016 (Table 1-1, Fig 1-3). From 14 May to 19 June 2015 we captured 40 neonates; 24
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males and 16 females (Appendix C, Fig 1-3.). Twenty-four fawns were captured as twins
and sixteen fawns as singles. Additionally, 10 fawns were captured from 7 radio-collared
adult females in 2015. We censored one fawn from analyses that died within 2 days after
capture because we could not determine if cause was capture related resulting in
abandonment. From 12 May to 5 June 2016 we captured 52 neonates including 25 males
and 26 females (Appendix D, Fig 1-3.). We failed to record the sex of one fawn captured
in 2016. Thirty-eight fawns were captured as twins and fourteen as singles. In 2016, 11
fawns were captured from 6 radio-collared adult does. Average handling time for each
fawn captured was 4.1 minutes (3.9 minutes in 2015, 4.2 minutes in 2016, Table 1-1) and
ranged from 1.0 and 12.0 minutes. Mean body mass of fawns was 3.7 kg (SE=0.1, n=73)
and ranged from 2.3 kg to 8.0 kg. Average mass of males and females was 4.0 kg
(SE=0.2, n=38) and 3.5 kg (SE=0.1, n=35), respectively (Table 1-1). We did not weigh
19 fawns due to observed behavioral stress or equipment malfunction. Mean capture date
pooled across both years was 20 May (Fig. 1-3.).
Annual survival of adults during 2015 and 2016 was 0.85 (SE=0.06, n=48; Table
1-2.) and 0.89 (SE=0.04, n=61; Table 1-2.), respectively. Overall (26 month) adult
survival from February 2015 to March 2017 was 0.87 (SE=0.03, n=107; Table 1-2.). We
documented 14 adult mortalities including 7 unknown, 1 suspected dystocia, 2 hunter
harvest, 1 coyote predation, 1 suspected coyote predation, and 2 capture myopathy (Table
1-3.). Unknown mortalities comprised 50% of all adult mortalities during the study (Fig.
1-4.). However, 4 mortalities were documented in late winter (15 December 2016 to 31
March 2017) of the second year of our study when we were aerially examining survival
once per month.
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We documented 31 fawn mortalities during both years of our study. In 2015 and
2016, annual survival rates for fawns were 0.58 (SE=0.08, n=40; Table 1-4.) and 0.71
(SE=0.06, n=52; Table 1-4.), respectively. Overall (6 month) survival for fawns was 0.66
(SE=0.05, n=92; Table 1-4.) with coyote predation (n=15) the leading cause of mortality
(Fig. 1-5.). Other sources of fawn mortality included 11 unknown, 4 harvested by
hunters, and 1 from fence related injuries (Table 1-5.). Overall percent monthly mortality
ranged from 0.10 in August to 0.26 in July (Fig. 1-6.).
Twenty-three fawns survived to 6 months of age in 2015 and were classified as
yearlings. Seven yearlings with expandable breakaway collars incidentally detached as
yearlings and thus, were censured during survival analyses. All seven censored
individuals were classified as males when captured as fawns. Annual survival rates for
yearling pronghorn was 0.76 (SE=0.15, n=10; Table 1-6.) in 2015 and 0.81 (SE=0.09,
n=24; Table 1-6.) in 2016. Overall annual yearling survival for the study was 0.78
(SE=0.08, n=34; Table 1-6.). Five yearlings succumbed to coyote predations and 1 to
hunter harvest (Table 1-7.). Yearlings that survived for 18 months (2015: n=8, 2016:
n=11) were included in analysis of adult survival.
DISCUSSION
Our results for annual survival (0.85 and 0.89) of adult pronghorn in western
South Dakota during 2015-2016 were similar to previously documented rates examined
by Jacques et al. (2007: 0.85, 0.79, and 0.85) in Harding County, Fall River County (0.83
and 0.80), and Wind Cave National Park (0.88 and 0.86) in South Dakota during 20022005. Likewise, adult female survival was comparable to other pronghorn populations in
the Northern Great Plains. In southwestern North Dakota, survival was >0.90 during all
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seasons except fall when male survival was reduced by roughly one-half because of
hunting mortalities (Kolar et al. 2012).
Hunting as a mortality factor during our study was somewhat lower than
previously documented in South Dakota. Jacques et al. (2007) reported roughly onequarter (9 of 35) of female adult and yearling pronghorn mortalities were hunter related.
In comparison, cause-specific mortality related to hunter harvest (3 of 20) accounted for
approximately 14% and 17% of adult and yearling mortalities during our study,
respectively. Hunter harvest is often considered an important source of mortality for
pronghorn and an effective tool for managing pronghorn populations (Hoskinson and
Tester 1980, O’Gara and Yoakum 2004, Grogan and Lindzey 2007, Kolar et al. 2012).
We speculate that lower hunter-related mortalities for adult female pronghorn compared
to data provided by Jacques et al. (2007) may have been contributed to state management
objectives during our study that reduced hunting licenses, resulting in lower hunter
harvest rates.
Interestingly, the influence of predation on pronghorn varies regionally. In some
studies, predation was a significant factor in adult survival, accounting for 59% to 70% of
all mortalities (Barnowe-Meyer et al. 2009, Keller et al. 2013). Conversely, predation
was insignificant in other studies, accounting for <3% of adult deaths (Kolar et al. 2012,
Bender et al. 2013). Predators responsible for adult pronghorn mortalities included
coyotes (Skinner 1922, Jacques et al. 2007, Barnowe-Meyer et al. 2009, Keller et al.
2013), mountain lions (Puma concolor; Canon and Bryant 1992, Ockenfels 1994, Keller
et al. 2013), bobcats (Lynx rufus; Jacques and Jenks 2008), wolves (Canis lupus;
Barnowe-Mayer et al. 2009), and golden eagles (Aquila chrysaet; O'Gara and Yoakum
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2004). Historically before European settlement, pronghorn in the Great Plains were likely
vulnerable to many species of predators. Currently, coyotes characterize the primary
predator of pronghorn in the Northern Great Plains. However, mountain lions preying on
pronghorn in the Black Hills of South Dakota have been documented (Keller et al. 2013).
Nonetheless, mountain lion predation on pronghorn is likely limited to the Black Hills
region, except for occasions during dispersal when mountain lions may potentially
interact with pronghorn populations surrounding the region (Keller et al. 2013).
Coyotes were the only identified natural predator affecting pronghorn survival
during our study. Predation on adult female pronghorn was considered negligible with
one documented coyote predation and one suspected coyote predation. However, we did
identify 5 yearling (3 males, 2 females) mortalities attributed to coyote predation during
the study period as well. Above all, coyote predation appeared to be a significant factor
for fawn survival and comprised 48% of all mortalities (15 of 31). Coyotes have been
acknowledged as a significant predator of pronghorn fawns in numerous studies (Barrett
1984, Smith et al 1986, Gregg et al. 2001, Jacques et al. 2007, Barnowe-Meyer et al.
2009).
Overall fawn survival of 0.66 (2015: 0.58, 2016: 0.71) during our study was
comparable to summer fawn survival documented in Fall River County, South Dakota in
2003 (0.63) and 2005 (0.63) (Jacques et al. 2007). Conversely, fawn survival was
significantly lower than results reported in 2002 (0.92) and 2004 (0.92) from Harding
County, South Dakota (Jacques et al. 2007). We hypothesize that differences in fawn
survival between our study in Butte County and research conducted in Harding County
was potentially related to the total number predators removed and control effort from
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aerial shooting. For example, Jacques et al. (2015) reported the removal of 1,457 coyotes
from 2002 to 2005 in Harding County. By comparison, roughly 550 coyotes and foxes
were removed in Butte County from 2015 to 2016 where 93% of our fawns were
captured (South Dakota Department of Game, Fish and Parks, Rapid City, South Dakota,
unpublished data). However, we documented additional factors affecting fawn survival
not related to predation, including 11 unknown causes (35%), 4 hunter harvest (13%),
and 1 fence related mortality (3%).
Disease exposure for adult female pronghorn was variable ranging from 5% for
Blue Tongue Virus (BTV) and Bovine Viral Diarrhea Virus (BVDV) to 67.5% for West
Nile Virus. Epizootic Hemorrhagic Disease (EHD), Parainfluenza-3 (PI-3), and Neospora
exposure were intermediate relative to other diseases. Occurrence of EHD antibodies for
adult female pronghorn during our study (60%) was higher than previous research from
western Nebraska in 1983 with titers prevalent in 30% (103 of 338) of male and female
pronghorn (Johnson et al. 1986). However, exposure to BTV was lower during our study
(5%) compared to 339 pronghorn (27%) inspected by Johnson et al. (1986). In Colorado,
exposure to hemorrhagic disease was 52% for 129 pronghorn examined (Firchow 1986).
We speculate both hemorrhagic diseases are enzootic to pronghorn in western South
Dakota. Johnson et al. (1986) reported that BTV and EHDV appeared to be enzootic in
western Nebraska populations because of the positive correlation between higher
antibody prevalence and increasing age of animals. We shared somewhat similar results
during our study as no yearling (n=10) pronghorn tested positive for any diseases.
Furthermore, 23 of 24 adults tested positive for EHD antibodies also had titers for ≥ 2 of
other diseases examined. Although we did not age adult pronghorn beyond 18 months,
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we hypothesize that pronghorn disease exposure varied temporally with pronghorn age,
population density, and overall severity of disease occurrence during a particular year.
PI-3 is known to be an infectious disease to many domestic and wild ruminant
species including cattle, domestic sheep, bighorn sheep (Parks et al. 1972), mule deer
(Augirre et al. 1995), and wapiti (Cervus elaphus, Augirre et al. 1995). Prevalence of
antibodies in 40% of our adult pronghorn indicated that pronghorn populations in our
study area have been exposed to viral agents comparable to the bovine pathogen for PI-3.
Our results were comparable to findings for pronghorn populations in Arizona where
prevalence ranged from 21-55% (Dubay et al. 2005). In Oregon, Dunbar et al. (1999)
documented higher PI-3 exposure rates with 67% of pronghorn testing positive for
antibodies, but concluded PI-3 as an unlikely contributor to overall pronghorn declines in
that region. Similarly, we failed to document evidence of severe clinical effects to PI-3 by
our pronghorn in western South Dakota. However, at least for cattle under severe stress
and overcrowding, PI-3 infections sometimes predispose or work in conjunction with
bacteria, such as Pasturella haemolytica to cause acute febrile upper-respiratory disease
(O’Gara and Yoakum 2004). Further research is necessary to understand the influence
diseases such as PI-3 have on the pronghorn populations, particularly fawns, as the
number of unknown (n =11) fawn mortalities not attributed to predation or other known
factors during our study is somewhat concerning. Management efforts that provide highquality forage and control high animal densities on rangelands should be attempted to
maintain healthy pronghorn populations (Thorne et al. 1982).
We documented high exposure rates of West Nile Virus (67.5%) in adult
pronghorn in western South Dakota, but consider the disease an insignificant factor in
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pronghorn mortality. Nevertheless, greater sage-grouse (Centrocercus urophasianus) are
exceedingly susceptible to the virus (Naugle et al. 2004) and share a dependency on
sagebrush habitat similar to many pronghorn populations. Consequently, the distribution
of infected adult pronghorn suggests a high occurrence of West Nile Virus throughout
much of our study area in western South Dakota; a region encompassing the eastern
extension of sage-brush habitats and greater sage-grouse distributions (Schroder et al.
1999, Smith et al. 2004).
Although we did not document a statistical difference in post-hunt survival for
adult pronghorn between years, we recorded 4 unknown mortalities from November 2016
to March 2017 and no mortalities from November 2015 to March 2016. Mortalities
during the winter of 2016-17 were unknown due to termination of field work in
December 2016 that resulted in radio-collared animals being aerially monitored only
once per month thereafter. A winter severity index (WSI) of 158 for 2016-17 was higher
compared to 2015-16 (WSI = 114) and may have potentially contributed to four
individuals dying.
MANANAGEMENT IMPLICATIONS
Our study provides information and enhances model accuracy on an historical
population of pronghorn that supported the reestablishment of populations throughout the
northeast region of the distribution. We documented coyote predation as a primary cause
of mortality for fawns in western South Dakota, which was similar to information
reported by Jacques et al. (2007) in Fall River County. While past and current use of
aerial shooting as a management tool for controlling coyote populations has been
employed by South Dakota Game, Fish and Parks to reduce livestock losses for
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landowners, continued use may be beneficial to current and future pronghorn
populations. Furthermore, although undocumented during our study, severe winters may
constrain pronghorn population growth more than any other factor. Managers must be
cognizant of factors that may cause survival rates and populations to fluctuate on an
annual basis, such as disease outbreaks and severe winter weather conditions.
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Table 1-1. Capture data for radio-collared pronghorn neonates in Butte County region of
western South Dakota, spring 2015-2016.
2015
Sex
Male
Female
Unknown
All
Number of neonates
captured

24

16

0

40

Mean (n, SE) handling
time (minutes)

4.0
(24, 0.5)

3.7
(16, 0.4)

N/A

3.9
(40, 0.3)

Mean (n, SE) body
weight (kg)

4.4
(19, 0.3)

3.3
(14, 0.2)
2016
Female

N/A

3.9
(33, 0.2)

Unknown

All

Sex
Number of neonates
captured

Male
25

26

1

52

Mean (n, SE) handling
time (minutes)

3.9
(19, 0.4)

4.5
(21, 0.4)

N/A

4.2
(52, 0.3)

Mean (n, SE) body
weight (kg)

3.5
(19, 0.1)

3.6
(21, 0.1)
All Years
Male
Female

N/A

3.5
(40, 0.1)

Unknown

All

Sex
Number of neonates
captured

49

42

1

92

Mean (n, SE) handling
time (minutes)

4.0
(49, 0.3)

4.2
(42, 0.3)

N/A

4.1
(92, 0.2)

Mean (n, SE) body
weight (kg)

4.0
(38, 0.2)

3.5
(35, 0.1)

N/A

3.7
(73, 0.1)
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Table 1-2. Annual survival rates for radio-collared adult (>18 months) female pronghorn
in Butte County region of western South Dakota, 2015-2017.
2015
2016
Overall (26 months)
48
61
107
Number at Risk
6
6
12
Number of Deaths
2
5
7
Number Censored
0.85
0.89
0.87
Survival Rate
0.06
0.04
0.03
SE
0.71
0.78
0.79
95% CI lower
0.93
0.95
0.93
95% CI upper
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Table 1-3. Seasonal, cause-specific mortality for radio-collared adult (>18 months)
female pronghorn in Butte County region of western South Dakota, 2015-2017.
Seasonal Interval
Pre-Huntᵃ
Huntᵃ
Post-Huntᵃ
Cause
2015 2016
2015
2016
2015
2016
Overall
2
0
1
0
0
4
7
Unknown
0
1
0
0
0
0
1
Suspected Dystocia
0
0
2
0
0
0
2
Harvest
1
0
0
0
0
0
1
Predation
0
0
0
1
0
0
1
Suspected Predation
0
0
0
0
2
0
2
Capture Myopathy
ᵃSeasonal intervals = Pre-Hunt (1 April – 31 August), Hunt (1 September – 31 October),
and Post-Hunt (1 November – 31 March)
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Table 1-4. Annual survival rates for radio-collared fawn (0-6 months) pronghorn in Butte
County region of western South Dakota, 2015 and 2016.
2015
2016
Overall
40
52
92
Number at Risk
16
15
31
Number of Deaths
1
0
1
Number Censored
0.58
0.71
0.66
Survival Rate
0.08
0.06
0.05
SE
0.43
0.58
0.56
95% CI lower
0.72
0.82
0.75
95% CI upper
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Table 1-5. Overall monthly cause-specific mortalities for fawn (0-6 months) pronghorn in
Butte County region of western South Dakota, 2015 and 2016.
Cause
May
June
July August September October Total
2
4
3
1
4
1
15
Predation
2
2
4
2
1
0
11
Unknown
0
0
0
0
0
4
4
Harvest
0
0
1
0
0
0
1
Fence
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Table 1-6. Annual Survival rates for yearling (6-18 months) pronghorn in Butte County
region of western South Dakota, 2015-2016.
2015
2016
Overall
10
24
34
Number at Risk
2
4
6
Number of Deaths
0
8
8
Number Censored
0.76
0.81
0.78
Survival Rate
0.15
0.09
0.08
SE
0.40
0.58
0.59
95% CI lower
0.94
0.93
0.90
95% CI upper
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Table 1-7. Seasonal, cause-specific mortality for radio-collared yearling (6-18 months)
pronghorn in Butte County region of western South Dakota, 2015 and 2016.
Seasonal Interval
Pre-Hunt
Hunt
Post-Hunt
Cause
2015
2016
2015
2016
2015
2016
Overall
0
0
1
0
0
0
1
Harvest
0
2
1
0
0
2
5
Predation
ᵃSeasonal intervals = Pre-Hunt (1 April – 31 August), Hunt (1 September – 31 October),
and Post-Hunt (1 November – 31 March)
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Fig. 1-1. Study area (green region) for pronghorn in Butte County region of western
South Dakota, 2015-2016.
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Fig. 1-2. Percent disease exposure for adult female pronghorn (n=40) in Butte County
region of western South Dakota.
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Fig. 1-3. Total number of pronghorn neonates captured each day during May-June in
Butte County region of western South Dakota, 2015 and 2016.
14
13
12
11
10
9
8
7
6
5
4
3
2
1
0
2016

2015

Date

34

Fig. 1-4. Percent cause-specific mortality (n=14) of radio-collared adult (>18 months)
female pronghorn in Butte County region of western South Dakota, 2015-2017
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Fig. 1-5. Overall percent cause-specific mortality (n=31) for fawn (<6 months old)
pronghorn in Butte County region of western South Dakota, 2015-2016.
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Fig. 1-6. Overall percent monthly mortality (n=31) for fawn (0-6 months) pronghorn in
Butte County region of western South Dakota, 2015-2016.
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CHAPTER 2
SEASONAL MOVEMENTS AND HOME RANGE SIZE OF PRONGHORN IN
WESTERN SOUTH DAKOTA
Abstract: Dispersal is an essential ecological process that promotes individual
fitness, demography, genetic structure, and species distribution in wild ungulates.
Accordingly, research examining movements of pronghorn (Antilocapra americana) has
been thoroughly investigated in western North America and variation in response
documented. Primary objectives of our research were to examine seasonal movements
(i.e., migration, dispersal) and home-ranges from an historical population of pronghorn
previously used to reestablish the species throughout the northeast regional distribution in
western North America. From February 2015 to December 2016, we monitored the
movements of 67 adult (≥18 months) female and 33 yearling (6–18 months) pronghorn
in western South Dakota. We calculated 124 home ranges and documented 19 seasonal
movements from 5,297 adult locations. For yearlings, we calculated 30 home ranges and
documented 17 seasonal movements from 1,578 locations. We classified 4 individuals as
conditional migrators and the majority of adult females (≥86.1%) as non-migratory. Over
the course of 4 seasonal periods (i.e., spring, fall), mean distance traveled for dispersing
adult female pronghorn between summer and winter areas ranged from 11.9 km (SE =
1.3) to 14.8 km (SE = 3.8). Twelve of 40 fawns captured in spring 2015 were monitored
through their second summer as yearlings. We classified 7 of 12 individuals (58%) as
dispersers from natal home ranges and 5 of 12 individuals (42%) as residents. Mean
distance traveled for dispersing yearlings over 3 seasonal periods ranged from 12.9 km
(SE = 1.4) to 15.4 km (SE = 2.0). Mean 95% winter and summer home ranges for adults

38

were 73.7 km² and 30.3 km², respectively. In comparison, yearling 95% winter and
summer home ranges were 75.9 km² and 53.7 km², respectively. Daily distance traveled
by adult female pronghorn differed (P < 0.00001) between summer (May-October) and
winter (November-April). However, we observed higher daily distances traveled by
yearling pronghorn during April–June when some individuals wander during
establishment of permanent home ranges. Highways seemed to be a significant barrier in
impeding pronghorn movement across our study area with 42% of study individuals
within 1 km of a highway and only 4 documented crossing occasions. This study
provides additional data for biologists managing pronghorn in western South Dakota. We
recommend game managers consider the influence severe winters and habitat quality
have on pronghorn movements as they set harvest and management objectives for the
species.
INTRODUCTION
In ecology and evolution, dispersal is an essential process in promoting individual
fitness, demography, genetic structure, and species distribution (Dunning et al. 1995,
Bohonak 1999, Bowler and Benton 2005, Killeen et al. 2014). As a result, research
examining movement behavior has been thoroughly investigated over much of western
North America for pronghorn (Antilocapra americana) (Hnatiuk 1972, Amstrup 1978,
Mitchell 1980, Deblinger et al. 1984, Wright and deVos 1986, Riddle 1990, Ockenfels et
al. 1994, Sawyer et al. 2005, Jacques et al. 2009, Kolar et al. 2011, Collins 2016), a
species adapted to move long distances to locate and use high quality forage (O’Gara and
Yoakum 2004). In fact, seasonal migrations to and from the Great River Basin in
Wyoming are some of the longest recorded movements accomplished by pronghorn
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(Sawyer et al. 2005). Marked pronghorn have been reported traveling distances greater
than 300 and 400 km in Wyoming (Riddle 1990) and Alberta (Suitor et al. 2008),
respectively.
Historically, the timing and length of seasonal movements likely varied with
altitude, latitude, weather, and rangeland conditions (Yoakum 1978). Furthermore, while
migratory behavior between summer and winter ranges is common, pronghorn will
opportunistically shift their ranges and activity areas to take advantage of the best
available vegetation in a year if possible (O’Gara and Yoakum 2004). Many studies
suggest that pronghorn may not consistently return annually to traditional seasonal ranges
and only migrate as far as necessary when environmental conditions are favorable
(Pepper and Quinn 1965, Pyle 1973, Bruns 1977, Barrett 1982). In 1977, research in
Idaho reported that distances traveled during spring were shorter that specific year
because animals were able to congregate higher in the valleys due to a mild 1976-77
winter (Hoskinson and Tester 1980). However, in response to years with deep snow,
movements > 320 km or more have been documented by pronghorn (West 1970, Riddle
1990).
Hoskinson and Tester (1980) suggested that snow depth, duration of snow cover,
and moisture content of vegetation played a role in stimulating pronghorn movements
during the spring and fall in southeastern Idaho. In fact, migration during the spring may
be more closely related with snowmelt. For example, departure of snow cover during the
spring in Idaho prompted pronghorn to follow the snow line and disperse throughout
summer ranges as food resources and spatial opportunities became available (Hoskinson
and Tester 1980). Ryder and Irwin (1987) found that pronghorn habitat selection and
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establishment on winter ranges seemed related to forage abundance, topography, and
pronghorn densities. In South Dakota, Jacques and Jenks (2006) suggested that
pronghorn dispersal by yearlings was associated with habitat quality (i.e., patchiness) and
population density. Undoubtedly, many environmental factors may cause pronghorn
populations to make movements necessary to their survival and subsequent management.
However, despite its importance biologically, migration is often overlooked during
conservation planning efforts (Saher and Schmeigelow 2005, Berger et al. 2014, Collins
2016).
Pronghorn populations in South Dakota encompass part of the species northeast
regional distribution and are unique to the easternmost occurrence of sage-brush habitat
communities in North America, including big sagebrush (Artemisia tridentata) and silver
sagebrush (A. cana) (Schroeder et al. 1999, Smith et al. 2004). However, the sagebrush
biome has been considered one of the most imperiled ecosystems in the United States
(Noss et al. 1995) and one that has a direct effect on pronghorn ecology. Additionally,
human activities such as roads and fences may restrict movement within or between
seasonal ranges, limit daily movements, and reduce available habitat for pronghorn
(Gates et al. 2012). Historically, pronghorn on the open prairies surrounding the Black
Hills congregated near the area from other regions (Seton 1927). Theodore Roosevelt et
al. (1902) observed that pronghorn from most of the Dakotas gathered near the Black
Hills during the winter. Such movements undoubtedly became more challenging as the
country was settled and the landscape transformed. The significance of these historical
pronghorn populations near the Black Hills is considered even further when extreme
reductions in pronghorn populations resulted in an estimated South Dakota population of
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700 animals in 1924 (Yoakum 1978). As such, these remaining pronghorn occurred in
west-central South Dakota, to the north and east of the Black Hills (Jenks et al. 2006),
and later resulted in 121 pronghorn being translocated from Butte and Meade counties to
other regions in western South Dakota (Berner 1952). While previous research examining
pronghorn movement in the Dakotas has been documented (Jacques et al. 2009, Kolar et
al. 2011), primary objectives of our research were to examine seasonal movements (i.e.,
migration and dispersal) and home-ranges from a historical population of pronghorn
previously used to reestablish populations throughout the northeast distribution in
western North America. By doing so, managers will gain a more thorough understanding
of the ecology of pronghorn in South Dakota.
STUDY AREA
Our study was conducted in an area encompassing approximately 6,954 km²
within and surrounding Butte County in western South Dakota (Fig 2-1) and included the
Moreau and Belle Fourche river drainage systems (Johnson 1976). Counties surrounding
Butte County included: Harding to the north; Perkins to the east; Meade to the east and
south; and Lawrence to the south. Both Wyoming and Montana bordered Butte County
on the west. Including Butte County, regions of southern Harding County, western
Perkins County, and northern Meade County were part of our study area and contained 5
pronghorn Game Management Units (GMU’s). GMU’s were defined by political
boundaries including state and county borders and highways. Highways comprised
approximately 360 km within and surrounding our study area in western South Dakota
and included highways 20, 34, 79, 85, 168, and 212.
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Western South Dakota had a continental climate typically characterized by hot
summers and cold winters. Average annual temperature and precipitation ranged from
about 6°C and 33cm in the northern part to about 8°C and 38cm in southern portion of
the4 study area (Johnson 1976). Annual snowfall averaged roughly 81cm. Average
elevation was roughly 895m and ranged from 760m to 1148m above sea level within our
study area. Topography was mainly flat to gently rolling with isolated areas of semirugged to rugged scattered buttes and ridges.
Grassland dominated the landscape with intermixed areas of sagebrush (Artemisia
sp.), cropland, and limited stands of ponderosa pine (Pinus ponderosa) and Rocky
Mountain juniper (Juniperus scopulorum). Species of sagebrush encompassing the
eastern extension of the sagebrush-steppe include both big sagebrush (Artemisia
tridentate) and silver sagebrush (Artemisia cana) (Schroder et al. 1999, Smith et al.
2004). Winter wheat (Triticum aestivale) and alfalfa (Medicago sativa) largely comprised
cultivated crops within our study area. Grassland in western South Dakota largely
consists of mixed to shortgrass prairie and included western wheatgrass (Agropyron
smithii), prairie junegrass (Koeleria pyramidata), buffalograss (Buchloe dactyloides),
green needlegrass (Stipa viridula), needle-and-thread (S. comate), side oats grama
(Bouteloua curtipendula) and blue grama (B. gacilis; Jacques et al. 2007). Grasslands
comprised the largest area at approximately 80% of the landscape, while sagebrush and
cropland made up less than 10% each (USDA 2016). The majority of rangelands within
our study area were used as grazing land for ranching or farming.
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METHODS
Capture and Handling
We captured adult (>1.5 years old) and yearling (0.5–1.5 years old) female
pronghorn 12 February 2015 to 13 February 2015 and 14 March 2016 throughout Butte
County, South Dakota using a modified .308 caliber net gun via a helicopter capture
service company (Quicksilver Air, Peyton, Colorado, and Fairbanks, Alaska, USA). We
focused primarily on capturing adult females due to their representation as the main age
demographic in reproduction. Pronghorn were netted from the helicopter and were
hobbled, blindfolded, and examined at the capture location to reduce stress on
individuals. We fitted captured individuals with VHF (Very High Frequency) radiocollars (Advanced Telemetry Systems, Inc, Isanti, Minnesota, USA) equipped with
mortality sensors that activated after the transmitter had remained inactive for 8 hours.
We aged individuals as adults or yearlings based on incisor wear and replacement (Dow
and Wright 1962) and collected 20 ml of blood via jugular venipuncture. Hobbles and
blindfolds were removed from pronghorn once processing was complete and we recorded
handling time and the capture location using a Global Positioning System (GPS, Garmin
International Inc., Olathe, Kansas) after release.
Pronghorn neonates were captured using methodology described by Byers (1997)
in areas near adult females who exhibited postpartum behavior during May and June of
2015. To minimize potential abandonment or reduced fitness of observed newborn
neonates, we allowed adult females an adequate duration of time to form dam-neonate
bonds prior to attempting capture of neonates. We observed solitary females during
daylight hours with neonates, documented nursing, and relocated them after fawns
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bedded (Jacques et al. 2007). We then approached on foot and ground searched areas
when necessary before hand-capturing neonates using long-handled fishing nets (Frabill,
Plano, IL, USA). Captured neonates were sexed, weighed (kg), aged (estimated in days)
based on umbilical condition, and fitted with expandable breakaway radio-collars
(Advanced Telemetry Systems, Isanti, MN, USA) equipped with mortality sensors that
activated after 4 hours of inactivity. In situations where neonates were wet from rain or
exhibited overly stressful behavior we did not weigh individuals. Radio-collars were kept
in zip-lock bags with vegetation commonly found within pronghorn habitat at least 3
weeks prior to the fawn capture season to mitigate foreign scents. Additionally, we
handled neonates with sterile rubber gloves and kept handling time to a maximum of 5
minutes. After processing captured individuals, we recorded geographical location using
a GPS and exited the area to allow adult females to return to their fawns. Animal
handling methods followed the American Society of Mammologists guidelines for
mammal care and use (Sikes et al. 2016) and were approved by the South Dakota State
University Institutional Animal Care and Use Committee (Approval No. 14-095A).
Locational Monitoring
From February 2015 to December 2016, we located adult pronghorn 1 to 3 times
per week and yearling pronghorn at least once every two weeks using hand-held
directional antennas (Advanced Telemetry Systems, Inc, Isanti, Minnesota, USA) or a
fixed-wing Cessna 172 aircraft. We assigned locations to individuals with Universal
Transverse Mercator (UTM) coordinates (UTM Zone 13N, NAD 1983 Continental
United States) using hand-held GPS units after each radio-collared individual was
visually observed via radio-telemetry and optical equipment (i.e., spotting scopes and
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binoculars). To mitigate potential biases associated with home range sizes and maintain
daytime temporal independence (Kernohan et al. 1998), we attempted to locate
pronghorn at different times and at least 2 days apart.
Home Range and Movement Analysis
We used ArcMap 10.4.1 (ESRI, Inc., Redlands, CA, USA) and the statistical
package R with adehabitatHR, shapefiles and maptools (R Core Team 2016) to examine
daily and seasonal movements for pronghorn. We used the fixed kernel method to
determine 50% (core area) and 95% kernel utilization distributions. Home-range
estimates were generated using an ad hoc smoothing parameter (ℎ𝑎𝑑 ℎ𝑜𝑐 ) from the
reference bandwidth (ℎ𝑟𝑒𝑓 ) that resulted in a contiguous 95% kernel home range polygon
(e.g., ℎ𝑎𝑑 ℎ𝑜𝑐 = 0.9 × ℎ𝑟𝑒𝑓 , ℎ𝑎𝑑 ℎ𝑜𝑐 = 0.9 × ℎ𝑟𝑒𝑓 , ...; Jacques et al. 2009). Kernel
estimates are nonparametric and thus, are not based on an assumption that the data
conform to specified distribution parameters (Seaman et al. 1999).
Harmonic means of pronghorn centers of activity were used to measure the
straight line distance between geographic centers of seasonal home ranges (Dixon and
Chapman 1980). Harmonic means are not sensitive to a pronghorn individual’s location
and allows changes in activity centers within seasonal ranges to be distinguished (Dixon
and Chapman 1980). ArcGIS 10.4.1 Geographic Information System (ESRI, Redlands,
CA, USA) was used to determine distance traveled for pronghorn considered to have
dispersed to unique seasonal ranges. Pronghorn were considered resident (i.e., none
migratory) if overlap existed between seasonal home ranges. Departure date for migrators
was determined as the mean date between consecutive locations in summer and winter
ranges (Nelson 1995). We classified pronghorn that migrated as obligate or conditional
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migrators. Pronghorn that migrated every period between summer and winter home
ranges were classified as obligate migrators (Martinka 1967). Conditional migrators were
individuals that failed to migrate during a documented migratory period, or briefly
migrated to a winter region for less than 1 month (Bruns 1977, Hoskinson and Tester
1980). Pronghorn were classified as residents if summer and winter ranges overlapped
(Boccadori and Garrott 2002) and they remained non-migratory during three consecutive
migratory periods (Brinkman et al. 2005). We classified movement from winter to
summer ranges as spring migration and movement from summer to winter ranges as fall
migration (Brinkman et al. 2005). Capture sites for adults and yearlings were used to
calculate spring dispersal to summer ranges for both summer 2015 and 2016 when
animals were first radio-collared. Similarly, capture sites were used to determine fawn
dispersal from neonate ranges. Fewer locations per individual (n < 10) were used when
examining dispersal from preceding seasonal ranges as field work was terminated in
December 2016 or when study individuals died or were censored (i.e., collar detachment)
during the time of the study.
We compared home range size and migration between years and seasons for
radio-collared pronghorn using parametric t-tests. Alpha was set at P ≤ 0.05 and we used
a Bonferroni correction factor to maintain experiment-wide error rates when multiple ttests were used (Neu et al. 1974).
RESULTS
Adult and yearling captures - We captured 50 adult (>18 months) and 11
yearling (6-18 months) pronghorn during the winters of 2015 and 2016. On 12-13
February 2015, we classified 40 individuals as adults and 10 individuals as yearlings
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(Appendix A). On 14 March 2016, we supplemented our sample by capturing 10 adults
and 1 yearling (Appendix B). During 2015, we classified 2 adults that died within 26
days post-capture as myopathies and censored them from analyses. Additionally, we were
unable to relocate the individual yearling captured in March 2016 until 1 March 2017
when it was found (collar on mortality) and also censored it from analyses. Yearlings that
were captured in February of 2015 and survived to 18 months of age during the fall of
2015 were classified as adults (n = 8).
Fawn captures - In spring 2015, we hand captured 40 neonates; 24 males and 16
females (Table 1-1.). We censored one fawn from analyses that died within 2 days after
capture because we could not determine if cause of mortality was capture related due to
abandonment. Twenty-three fawns (12 males, 11 females) in 2015 survived to 6 months
of age and were classified as yearlings. Of the 23 yearlings captured as fawns in 2015, 12
were monitored to >18 months of age (1 male, 11 females) and reclassified as adults.
Adult monitoring, seasonal movements, and home ranges - Adult pronghorn that
failed to survive for at least one seasonal home range period (summer and winter) or for
one dispersal period were censored from analyses. We collected 5,297 visual locations
from 67 adult female pronghorn from February 2015 to December 2016. A total of 19
seasonal movements were documented by 14 of 65 adult female pronghorn during 4
dispersal periods that included spring 2015, fall 2015, spring 2016, and fall 2016. We
monitored 32, 8, 9, and 16 adult pronghorn through 4, 3, 2, and 1 dispersal periods,
respectively. A total of 124 adult female home ranges were calculated during 3 seasonal
home range periods including summer 2015, winter 2015-16, and summer 2016. Seasonal
home ranges were calculated for 35, 40, and 49 adult female pronghorn during 3, 2, and 1
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seasonal home range periods, respectively. We were unable to adequately determine
seasonal home ranges during winter 2014-15 when field work began and during winter
2016-17 when field work was terminated. Consequently, fewer locations (n < 10) from
individual pronghorn were used when examining seasonal dispersal behavior during
spring 2015 and fall 2016.
Yearling monitoring, seasonal movements, and home ranges - Yearling
pronghorn that failed to survive for at least one seasonal home range period (summer and
winter) or for one dispersal period were censored from analyses. We collected 1,578
visual locations from 33 yearling (12 male, 21 female) pronghorn from February 2015 to
December 2016. A total of 17 seasonal movements was documented by 13 of 33
individuals (4 males, 9 females) during spring and fall dispersal periods. Ten, 23, and 16
yearlings were monitored during spring 2015, fall 2015, and spring 2016, respectively.
We calculated 30 yearling home ranges during 2 seasonal home range periods including
summer 2015 (n = 10) and winter 2015-16 (n = 20). We used fewer locations (n < 10)
from yearling pronghorn when examining seasonal dispersal behavior during spring 2015
and spring 2016.
SPRING MOVEMENT 2015
During spring 2015, we documented 9 of 46 pronghorn (19.6%) dispersing from
late 2014-15 winter seasonal ranges and capture regions (Table 2-1). Five individuals
(13.9%) were classified as adults and 4 individuals (40%) as yearlings. Mean distance for
adults and yearlings dispersing from winter 2014-15 seasonal ranges to summer 2015
seasonal ranges did not differ (t = 0.418, df = 7, P ≥ 0.688) and averaged 14.8 km (SE =
3.8; range = 21.2 km) and 12.9 km (SE = 1.4; range 6.3 km), respectively. Thirty-seven
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(80.4%) pronghorn including 31 adults (86.1%) and 6 yearlings (60%) did not disperse.
Median departure date for adults was 7 April and ranged from 9 March to 22 May. For
yearlings, median departure date was 22 April and ranged from 17 April to 17 May.
FALL MOVEMENT 2015
During fall 2015, 10 of 63 (15.9%) adult and yearling pronghorn dispersed to
winter seasonal ranges (Table 2-2). Four individuals (10%) were classified as adults and
6 individuals (26.1%) as yearlings. Thirty-six adults (90%) and 17 yearlings (73.9%) did
not disperse. Mean dispersal distance did not differ between age classes (t = 0.811, df =
8, P ≥ 0.441) and averaged 13.0 km (SE = 2.0; range = 9.6 km) for adults and 15.4 km
(SE = 2.0; range = 12.5 km) for yearlings. Median departure date was 23 November for
adults and ranged from 20 October to 2 December. Median departure date for yearlings
was 20 November. However, we were unable to determine departure dates for 4
individuals that dispersed early as fawns from summer regions to winter ranges.
SPRING MOVEMENT 2016
During spring 2016, 11 of 66 (16.7%) adult and yearling pronghorn dispersed to
summer seasonal ranges (Table 2-3). Four individuals (8.0%) were adults and 7
individuals (43.8%) were yearlings. Mean dispersal distance for adults and yearlings did
not differ (t = 1.186, df = 9, P ≥ 0.266) and averaged 11.9 km (SE = 1.3; range = 6.1 km)
and 15.3 km (SE = 2.0; range = 12.7 km), respectively. Forty-six adults (92%) and 9
yearlings (56.2%) did not disperse to summer ranges. For adults, median departure date
was 15 February and ranged from 1 February to 9 March. Median departure date was 8
April and ranged from 20 February to 6 May.

50

FALL MOVEMENT 2016
During fall 2016, 6 of 61 (9.8%) adults dispersed from 2016 summer ranges
(Table 2-4). Mean dispersal distance was 13.6 km (SE = 1.4; range = 8.5 km) with a
median departure date of 19 September. We observed fifty-five adults (90.2%) that did
not exhibit dispersal behavior from 2016 summer seasonal ranges before field work had
been completed.
FAWN DISPERSAL
Twenty-three fawns captured in May 2015 survived to >6 months of age and were
monitored as yearlings during winter 2015-16. Dispersal distances from fawn capture
locations to yearling winter home ranges ranged from 0.90 km to 23.70 km. Of twentythree individuals, thirteen (57%) dispersed less than 5 km, four (17%) between 5 and 10
km, three (13%) between 10 and 15 km, and three (13%) > 15 km from fawn capture
locations to yearling winter home ranges. Dispersal distance did not differ (t = 0.786, df
= 21, P ≥ 0.441) between male and female fawns and averaged 7.3 km (SE = 2.3; range
= 22.7 km) and 4.8 km (SE = 1.3; range = 10.9 km), respectively. Overall dispersal
distance was 6.07 km (SE = 1.3; range = 22.8 km). We documented 7 of 12 (58%)
individuals with expandable break-away collars surviving past their second summer and
were considered dispersers from neonate capture areas. Conversely, 5 of 12 (42%) failed
to disperse from neonate capture areas and were classified as residents. Unfortunately, we
had a limited number of locations and were unable to calculate yearling summer home
ranges for 2016.
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HOME RANGES
Adults - We calculated 84 summer and 40 winter home ranges for adult female
pronghorn during three seasonal periods: summer 2015 (n = 35), winter 2015-16 (n = 40)
and summer 2016 (n = 49). Adult pronghorn home ranges were calculated using a
minimum of 25 and a mean of 37.9 (SE = 1.33, n = 114) locations.
Summer home range sizes were similar (t = 0.158, df = 82, P ≥ 0.875) between
2015 and 2016 (Fig 2.2). Mean 95% and 50% summer home range sizes for pronghorn in
2015 were 30.6 km² (SE = 4.41, n = 35, Table 2-5) and 7.7 km² (SE = 1.21, n =35, Table
2-5), respectively. Likewise, 95% and 50% summer home range sizes were 30.0 km² (SE
= 3.03, n = 49, Table 2-5) and 6.9 km² (SE = 0.69, n = 49, Table 2-5) in 2016. Average
95% and 50% summer home range size for adult female pronghorn in western South
Dakota pooled during 2015-16 was 30.3 km² (SE = 2.53, n = 84) and 7.2 km² (SE = 0.64,
n = 84). During winter 2015-16, mean 95% and 50% home range sizes were 73.7 km²
(SE = 8.01, n = 40, Table 2-5) and 17.8 km² (SE = 1.88, n = 40, Table 2-5), respectively.
Mean home ranges differed (t = -6.574, df = 122, P < 0.00001) between summer and
winter (Fig 2.2).
Yearlings – We calculated 10 summer (female) and 20 winter (11 female, 9 male)
home ranges for yearling pronghorn during two seasonal periods: summer 2015 and
winter 2015-16. Individual yearling home ranges were calculated using a minimum of 25
and a mean of 36.0 (SE = 0.94, n = 72) locations.
Mean 95% and 50% summer home range size for yearling female pronghorn in
2015 was 53.7 km² (SE = 21.40, n = 10, Table 2-6) and 10.4 km² (SE = 3.86, n = 10,
Table 2-6), respectively. Mean 95% and 50% winter home range size for yearling female
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pronghorn during 2015-16 was 82.6 km² (SE = 21.43, n = 11, Table 2-6) and 19.6 km²
(SE = 4.48, n = 11, Table 2-6), respectively. Conversely, mean 95% and 50% winter
home range size for yearling male pronghorn during 2015-16 was 67.8 km² (SE = 15.87,
n = 9, Table 2-6) and 17.2 km² (SE = 3.79, n = 9, Table 2-6), respectively. We
documented similar 95% winter home range sizes for male and female pronghorn in
western South Dakota (t = 0.535, df = 18, P ≥ 0.599). As a result, we pooled yearling
winter home range sizes between males and females and determined 95% and 50% mean
home range sizes of 75.9 km² (SE = 13.55, n = 20) and 18.5 km² (SE = 2.93, n = 20),
respectively. Additionally, we found no significant difference between yearling summer
and yearling winter home range size (t = 0.945, df = 28, P ≥ 0.353).
DAILY MOVEMENTS
Daily distance traveled during summer 2015 and 2016 by adult female pronghorn
averaged 1.30 km (SE = 0.07, n = 35, Table 2-5) and 1.32 km (SE = 0.05, n = 49, Table
2-5), respectively, and ranged from 0.60 km to 2.70 km. Conversely, daily distance
traveled during winter 2015-16 by adult female pronghorn averaged 1.92 km (SE = 0.08,
n = 40, Table 2-5) and ranged from 0.90 km to 2.75 km. Mean daily distance traveled by
adults varied between summer and winter seasons (t = -7.32814, df = 122, P < 0.00001,
Fig 2-3). In comparison, daily distance traveled during summer 2015 by yearling female
pronghorn averaged 1.43 km (SE = 0.24, n = 10, Table 2-6) and ranged from 0.67 km and
2.88 km. Mean daily distance traveled during winter by yearling female and male
pronghorn was 1.94 km (SE = 0.15, n = 11, Table 2-6) and 1.91 km (SE = 0.24, n = 9),
respectively, and ranged from 0.67 km to 2.77 km. Daily distance traveled for male and
female yearling pronghorn during winter was similar (t = 0.94454, df = 18, P ≥ 0.353).
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Additionally, mean daily distance traveled by yearling pronghorn varied between summer
and winter seasons (t = 2.075, df = 28, P < 0.047, Fig 2-2).
STATE HIGHWAY MOVEMENTS
We documented 3 adult and 1 yearling pronghorn that crossed a state highway
from February 2015 to December 2016 (Table 2-7) in western South Dakota. Two
movements occurred in 2015 and in 2016. Overall, only 4 of 78 (0.05%) study
individuals with >6 months of monitoring crossed a state highway during the duration of
our study. Of the 78 individuals monitored for >6 months, 33 animals (42%) had
locations and home ranges within 1 km of a state highway. We did not encounter
additional movements across state highways by any of the four pronghorn that made such
crossings.
DISCUSSION
Previous studies documenting pronghorn movements in western South Dakota
indicated that populations were largely composed of non-migratory individuals. From
2002 to 2005 in Harding County and Fall River County, South Dakota, non-migratory
adult female pronghorn comprised ≥92% and ≥81% of study populations, respectively
(Jacques et al. 2009). Results from our study were comparable with ≥86.1% of adults
exhibiting non-migratory behavior. However, we did document higher dispersal rates by
yearling pronghorn when compared to adults during our study. Dispersal behavior during
the spring and fall by yearling pronghorn ranged from 26.1% to 43.8%, while adults
ranged from 8.0% and 13.9%. Furthermore, we considered any documented migrations
from individual pronghorn as being conditional migrators with no obligate migrations. In
Harding and Fall River counties, conditional migrators comprised 3-6% and 7-19% of
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study populations, respectively. Mean migration distances during our study were short
(<23.7 km) relative to other populations, but comparable to adult pronghorn in Harding
County (16.1 km) and Fall River County (23.2 km) (Jacques et al. 2009).
Of 12 fawns (1 male, 11 female) monitored as yearlings through 18 months of
age, 5 individuals remained on or returned to summer ranges during their second
summer. As a result, we classified 58% (n = 7) of fawns as dispersers and 42% (n = 5) as
residents. Our results, were comparable to Jacques et al. (2007) who classified 56% of
fawns as dispersers and 44% as residents in Harding and Fall River counties in South
Dakota. Jacques et al. (2007) suggested that fawns dispersing from natal home ranges
were better able to maximize individual fitness and gene flow among and within
populations. However, three individuals that dispersed to yearling summer home ranges
did return to their 2015-16 winter ranges during late summer–early fall 2016 of our study.
Others have suggested that pronghorn are opportunistic in their migration
behavior (Pepper and Quinn 1965, Bruns 1977, Barrett 1982). We hypothesize that some
individuals occupying summer home ranges lacking sagebrush and agricultural fields
likely migrated only as far as necessary during the fall to utilize winter forage. Sagebrush is an important winter food item, encompassing 25-75% of pronghorn winter diets
(Smith et al. 1965, Messenger and Schitoskey 1980). In western South Dakota, sagebrush
habitats can vary regionally. Jacques et al. (2007) hypothesized that observed differences
in sagebrush distribution throughout Harding and Fall River counties may have
contributed to regional differences in dispersal distances for yearling pronghorn.
O’Gara and Yoakum (2004) noted that pronghorn migrate during harsh winters
with accumulating snow depths to winter rangelands that provide greater forage
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availability. To do so pronghorn will typically avoid cumulative snow depths > 20 cm
(Pyle 1973). Likewise, Hoskinson and Tester (1980) reported that distance migrated by
pronghorn increased as cumulative snow depth increased (i.e., up to 13.3 cm). During our
study, pronghorn experienced favorable winter conditions (November – April) for winter
2015-16 with average cumulative snow depths and temperatures of 10 cm and 8.1°C,
respectively (National Oceanic and Atmospheric Administration (NOAA),
http://www.noaa.gov/). Our results indicate that minimal cumulative snow depth and
mild temperatures likely contributed to limited migratory behavior and total distance
traveled to seasonal home ranges. Accordingly, we believe sufficient food resources were
available within seasonal ranges, which limited the need for most individuals to migrate
to more favorable areas.
We documented 22% (i.e., PH-A-1124-15, PH-A-1205-15) of pronghorn that
dispersed in spring 2015 from late winter ranges and capture regions of the first year with
subsequent migration movements during fall 2015, spring 2016, and fall 2016. However,
three pronghorn (1 adult, 2 yearlings) died before migration may have occurred. Both
PH-A-1124-15 and PH-A-1205-15 2016 summer ranges as adults overlapped their
previous 2015 summer range as yearlings, suggesting summer home range fidelity. While
only one of the individuals (PH-A-1205-15) exhibited migration behavior from summer
range during the fall of 2016; termination of field work in December 2016 may have
prevented us from observing a later dispersal than other individuals. Regardless, winter
home range fidelity did not exist as capture and winter locations for late 2014-15 and
early 2016-17 for both individuals failed to lie within 2015-16 winter home ranges. Time
spent on winter ranges during 2015-16 was 97 and 115 days for these two individuals.
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We observed two additional migration movements between seasonal ranges by
adult female pronghorn (PH-A-0506-15, PH-A-1155-15) during fall 2015 and spring
2016. For both pronghorn, 2016 summer ranges for each individual overlapped 2015
summer ranges, further suggesting home range fidelity. We were unable to determine a
spring 2015 movement for these individuals and acknowledge that timing of capture and
post-capture behavior may have affected those observations. Likewise, we were unable to
document dispersal from summer ranges during fall of 2016 and acknowledge that a later
winter migration might have been possible. Time spent on winter ranges during 2015-16
was 70 and 116 days for these two individuals.
Daily movements will vary with seasons and are generally shortest throughout the
summer when forage is abundant and high in nutrition (O’Gara and Yoakum 2004).
Locations from adult female pronghorn during our study supported this assumption.
However, we also accept the possibility that our depictions of true daily movements are
insufficient as we were limited to locations collected 1-3 times per week and rarely on
consecutive days. Regardless, we observed a trend in shorter distances traveled between
individual locations during the summer (May – October) compared to winter (November
– April) for adult pronghorn. Yearlings showed a pattern in daily movements similar to
adults. However, daily movements for yearlings were greater from April to June
compared to adults based on monthly trends. Our results were comparable to Hoskinson
and Tester (1980) who described yearlings wandering during early summer in Idaho. We
hypothesize that as yearlings attempt to establish permanent home ranges for themselves
during this time frame, adult female pronghorn already have selected defined neonatal
ranges for raising fawns.
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Variation in adult female pronghorn summer and winter home ranges was
expected. Differences in habitat quality, population and group sizes, land use history, and
season can cause variability in pronghorn home ranges (Kitchen and O’Gara 1982). As
such, Kitchen and O’Gara (1982) advocated that higher forage availability during the
spring resulted in reduced movements and subsequently, smaller summer home ranges.
During our study, adult winter home ranges were nearly 2.5 times larger than adult
summer home ranges. In South Dakota, Jacques et al. (2009) documented 95% and 50%
adult winter home ranges of 55.5 km² and 9.5 km² in Harding County and 127.2 km² and
21.3 km² in Fall River County. Summer 95% and 50% home ranges were 19.7 km² and
3.3 km² for Harding and 65.9 km² and 9.4 km² in Fall River counties. Our results for
adult home range sizes were intermediate compared to both Harding and Fall River
counties with 95% and 50% winter home ranges of 73.7 km² and 17.8 km² and 95% and
50% summer home ranges of 30.3 km² and 7.2 km². Jacques et al. (2009) suggested that
fragmentation of winter rangelands and more patchy distributions of shrubs contributed
to limited spatial distribution and availability of winter forage for pronghorn in Fall River
County and consequently, larger winter home ranges compared to pronghorn in Harding
County. We hypothesize that Butte County had regional habitat characteristics similar to
environments encountered in both Harding and Fall River counties, which ultimately
resulted in home ranges comparable to the other two counties.
We found no statistical difference between yearling seasonal summer and winter
home ranges from 2015 to 2016 in western South Dakota. Likewise, winter home range
sizes were similar between male and female yearling pronghorn. Ninety-five percent
summer home ranges for yearlings were on average nearly 2 times larger than adult
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summer home ranges during our study. However, we failed to detect a difference in
winter home range size between yearlings and adults. Hoskinson and Tester (1980) noted
that yearlings in southeastern Idaho wandered during early summer with ranges two to
five times larger than adults. Pyrah (1987) further postulated that random wandering of
immature and socially unattached pronghorn might be indicative of an instinctive
pioneering behavior. Consequently, random wandering by yearlings to establish
permanent home ranges may have selective advantages. By dispersing, individuals can
enhance fitness and gene flow among and within populations of pronghorn (Jacques et al.
2007).
Highways were a significant factor impeding pronghorn movements during our
study. From February 2015 to December 2016 we documented only four instances on
four separate occasions when pronghorn crossed a major highway. Furthermore, we
documented 42% of our study individuals with at least 6 months of monitoring had
locations and home range territories within 1 km of a state highway, suggesting highways
as a physical impediment to movement. Ockenfels et al. (1997) found that fenced, paved
two- and four-lane roads and highways were obstructions to pronghorn movements in
northern Arizona and influenced the shape of home ranges. Likewise, Seidler et al.
(2014) found that highways were obstacles in some locations, but traversable in other
areas for pronghorn in the upper Green River Basin of western Wyoming. The desire for
pronghorn to traverse highways may be relatively unnecessary during years when
weather conditions are favorable. However, in years with extremely severe winters or dry
summers animals may need to cross highways to access more suitable habitats.
Unfortunately, highways can pose a formidable risk to pronghorn, especially when fences
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parallel the road. Ockenfels et al. (2000) determined that while pronghorn herds freely
moved across unfenced, paved roads in Arizona and Mexico, herds failed to cross paved
roads that were fenced in two study areas.
MANAGEMENT IMPLICATIONS
Our study provides migration and dispersal information on a historically unique
population of pronghorn in western South Dakota, which is beneficial to state biologists
seeking to improve pronghorn management in the state. Under favorable conditions with
mild winters, managers can expect the majority of pronghorn to exhibit non-migratory
behavior. During our study, >86% of adult pronghorn monitored were resident (i.e., nonmigratory) individuals. However, our results indicate that yearling pronghorn in western
South Dakota exhibit a higher tendency to disperse, which may result in a transfer of
individuals in and out of unique game management units (GMU’s) as they move from
natal ranges. Furthermore, highways represent a significant physical barrier impeding
pronghorn movement and dispersal. Consequently, highways are likely considered as
suitable GMU boundaries during years with favorable conditions.
Further information is needed to understand the impact habitat may have on home
range size for pronghorn populations in South Dakota. We speculate that differences in
habitat quantity and quality exist throughout our study region in western South Dakota
which may have resulted in intermediate home range sizes when compared to preceding
research conducted in other regions of the state. In doing so, game managers can more
appropriately manage pronghorn by understanding potential pronghorn movements to
geographically unique regions higher in forage quality (i.e. sagebrush).
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Table 2-1. Dispersal of adult (>18 months) and yearling (6-18 months) pronghorn during
spring of 2015 in western South Dakota.
Dispersal
ID
Date
PH-A-1124-15
4/24/2015
PH-A-1174-15
4/28/2015
PH-A-1194-15
4/7/2015
PH-A-1205-15
4/20/2015
PH-A-1254-15
3/14/2015
PH-A-1274-15
4/17/2015
PH-A-1294-15
5/17/2015
PH-A-1324-15
3/9/2015
PH-A-1483-15
5/22/2015
Mean = 13.96, SE = 2.14, n = 9

Age
Yearling
Adult
Adult
Yearling
Adult
Yearling
Yearling
Adult
Adult

Sex
Female
Female
Female
Female
Female
Female
Female
Female
Female

Distance
(km)
15.10
11.75
7.95
13.00
16.05
14.70
8.80
29.15
9.15
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Table 2-2. Dispersal of adult (>18 months) and yearling (6-18 months) pronghorn during
fall of 2015 in western South Dakota.
Dispersal
ID
Date
PH-A-0506-15 11/24/2015
PH-A-1155-15 11/22/2015
PH-A-1124-15
12/2/2015
PH-A-1205-15 10/20/2015
PH-K-1803-15
Unknown
PH-K-1843-15
Unknown
PH-K-1652-15 11/20/2015
PH-K-1813-15
Unknown
PH-K-1772-15
Unknown
PH-K-1924-15 11/20/2015
Mean = 14.42, SE = 1.41, n = 10

Age
Adult
Adult
Yearling/Adult
Yearling/Adult
Fawn/Yearling
Fawn/Yearling
Fawn/Yearling
Fawn/Yearling
Fawn/Yearling
Fawn/Yearling

Sex
Female
Female
Female
Female
Female
Female
Male
Male
Male
Male

Distance
(km)
9.20
12.00
12.05
18.80
11.20
11.80
17.05
11.90
23.70
16.45
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Table 2-3. Dispersal of adult (>18 months) and yearling (6-18 months) pronghorn during
spring of 2016 in western South Dakota.
Dispersal
ID
Date
PH-A-0506-15 3/20/2016
PH-A-1155-15
2/1/2016
PH-A-1124-15
3/9/2016
PH-A-1205-15 2/11/2016
PH-K-1613-15
4/8/2016
PH-K-1753-15
5/2/2016
PH-K-1803-15 2/20/2016
PH-K-1843-15 3/12/2016
PH-K-1943-15
4/8/2016
PH-K-1772-15
5/6/2016
PH-K-1924-15 4/29/2016
Mean = 14.08, SE = 1.42, n = 11

Age
Adult
Adult
Adult
Adult
Yearling
Yearling
Yearling
Yearling
Yearling
Yearling
Yearling

Sex
Female
Female
Female
Female
Female
Female
Female
Female
Female
Male
Male

Distance
(km)
8.50
13.00
11.70
14.55
10.00
14.45
22.25
10.45
11.20
22.70
16.05
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Table 2-4. Dispersal of adult (>18 months) pronghorn during fall of 2016 in western
South Dakota.
Dispersal
ID
Date
PH-A-1205-15 10/23/2016
PH-K-1613-15
8/1/2016
PH-K-1753-15
9/8/2016
PH-K-1843-15 11/10/2016
PH-K-1943-15
9/19/2016
PH-K-1924-15
9/19/2016
Mean = 13.56, SE = 1.37, n = 6

Age
Adult
Yearling/Adult
Yearling/Adult
Yearling/Adult
Yearling/Adult
Yearling/Adult

Sex
Female
Female
Female
Female
Female
Male

Distance
(km)
12.75
9.15
13.90
17.05
10.85
17.65
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Table 2-5. Daily movement and home range size for adult (>18 months) in western South
Dakota, February 2015 to December 2016.
Season

Distance (km)

50% (km²)

95% (km²)

2015 Summer (n, SE)

1.3 (35, 0.1)

7.7 (35, 1.2)

30.6 (35, 4.4)

2015-16 Winter (n, SE)

1.9 (40, 0.1)

17.8 (40, 1.9)

73.7 (40, 8.0)

2016 Summer (n, SE)

1.3 (49, 0.1)

6.9 (49, 0.7)

30.0 (49, 3.0)
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Table 2-6. Daily movement and home range size for yearling (6-18 months) in western
South Dakota, February 2015 to May 2016.
Season

Sex

Distance (km)

50% (km²)

95% (km²)

2015 Summer (n, SE)

Females

1.4 (10, 0.2)

10.4 (10, 3.8)

53.6 (10, 21.4)

2015-16 Winter (n, SE)

Females

1.9 (11, 0.2

19.5 (11, 4.4)

82.6 (11, 21.4)

2015-16 Winter (n, SE)

Males

1.9 (9, 0.2)

17.2 (9, 3.7)

67.8 (9, 15.9)
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Table 2-7. Occasions where pronghorn individuals crossed state highway in western
South Dakota, February 2015 to December 2016.
ID

Date

Age

Sex

Road

Direction

PH-A-1245-15

3/26/2015

Adult

Female

Hwy 79

West

PH-A-1174-15

4/28/2015

Adult

Female

Hwy 212

North

PH-K-1803-15

5/2/2016

Yearling

Female

Hwy 212

North

PH-A-1205-15

11/10/2016

Adult

Female

Hwy 212

North
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Figure 2-1. Study area (green region) for pronghorn in Butte County region of western
South Dakota, 2015-2016.
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Fig 2.2. Mean 95% and 50% seasonal home range size for adult (>18 months) pronghorn
in western South Dakota, February 2015 to December 2016.
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Fig 2-3. Mean daily distance traveled by adult female (>18 months) and yearling (6-18
months) pronghorn in western South Dakota, February 2015 to December 2016.
3.5
3
2.5

Km

2
1.5
1
0.5
0
Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Month
Adults

Yearlings

Sep

Oct

Nov

Dec

78

CHAPTER 3
HABITAT SELECTION OF PRONGHORN IN WESTERN SOUTH
DAKOTA
Abstract: We examined habitat selection of pronghorn (Antilocapra americana) in
western South Dakota from 2015-2016. We used Design III analyses to evaluate resource
selection from 4,786 visual observations collected via radio-telemetry. Our study area
was classified as native rangeland, alfalfa/hay, winter wheat/small grains, and
harvested/idle encompassing minimum convex polygons for 35, 40, and 49 adult female
pronghorn during summer 2015, winter 2015-16, and summer 2016 seasons, respectively.
Adult female pronghorn did not use habitat in proportion to its availability during all
seasons examined (P<0.001). Analyses demonstrated that in 2015 and 2016 pronghorn
selected for alfalfa/hay (2015: ŵ = 3.688, 90% CI = 1.450 – 5.925; 2016: ŵ = 1.417, 90%
CI = 1.178 – 1.655) and harvested/idle fields (2015: ŵ = 6.000, 90% CI = 6.000 – 6.000;
2015: ŵ = 6.375, 90% CI = 6.375 – 6.375) during summers. During winter 2015-16,
pronghorn selected for winter wheat fields (ŵ = 6.077, 90% CI = 4.793 – 7.361).
Selection of alfalfa/hay and winter wheats fields was evident in pronghorn groups found
in the southern regions of our study area. Furthermore, we observed pronghorn selecting
positively for water sources <2 km from locations during winter 2015-16 (ŵ = 1.058,
90% CI = 1.013 – 1.103) and summer 2016 (ŵ = 1.044, 90% CI = 1.010 – 1.078) when
drought conditions existed. Conversely, pronghorn negatively selected for water sources
(i.e., >2 km) during winter 2015-16 (ŵ = 0.731, 90% CI = 0.524 – 0.938) and summer
2016 (ŵ = 0.751, 90% CI = 0.513 – 0.889). Availability to high crude protein forages
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such as alfalfa and winter wheat fields may be beneficial in supporting pronghorn
populations in South Dakota; a region with limited sagebrush-steppe communities.
INTRODUCTION
Pronghorn (Antilocapra americana) are distributed within the grassland, shrubsteppes, and desert biomes of western North America where they select for a diversity of
forb and shrub species (Boccadori et al. 2008). Jacques et al. (2007) noted seasonal shifts
in the dietary contents of pronghorn in Wind Cave National Park, South Dakota with an
increased selection of forbs during summer months that likely benefited lactating adult
females due to high digestibility. During fall and winter when forbs and grasses are less
abundant, pronghorn in shrub-steppe habitats commonly browse on more nutritious shrub
species such as sagebrush (Artemisia spp., Boccardori et al. 2008). Sagebrush has been
extensively recognized as an important food resource in pronghorn diets (Mason 1952,
Mitchell and Smoliak 1971, Messenger and Schitoskey 1980). Studies examining
pronghorn in habitats in Montana, Oregon, and Nevada listed sagebrush as “survival
forage” essential to maintaining pronghorn body condition during extreme and prolonged
winters (Pyrah 1987, Hansen and Anthony 1999, Hansen et al. 2001, O’Gara and
Yoakum 2004). Furthermore, there is evidence that pronghorn are capable of meeting
daily water requirements through the browsing and subsequent fermentation of sagebrush
(Beale and Smith 1970). As a result of the importance sagebrush has on pronghorn
populations, O’Gara and Yoakum (2004) advocated that the distribution of sagebrush
habitats throughout winter ranges is critical to maintaining long-term carrying capacities
for pronghorn.
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Shrub-steppe communities in western South Dakota represent the eastern extent
of the geographical sagebrush distribution in western North America (Schroeder et al.
1999, Smith et al. 2004) and thus limited throughout much of the region. Nonetheless,
Knick et al. (2003) noted that pronghorn consumed large amounts of sagebrush in South
Dakota during all seasons. Likewise, Messenger and Schitoskey (1980) reported that
sagebrush species such as big sagebrush (Artemisia tridentate), fringed sagewort (A.
frigida), silver sage (A. cana), and white sage (Salvia apiana) consisted of >5% of
pronghorn diets during every month in northwestern South Dakota. These studies further
suggest a physiological benefit of consumption of sagebrush to the overall health and
survival of pronghorn in western South Dakota (Jacques et al. 2006). However, the
sagebrush biome has been considered one of the most imperiled ecosystems in the United
States (Noss et al. 1995). In western South Dakota, large portions of native rangelands
have been converted to the crop production of spring grains, winter wheat (Triticum
aestivum) and alfalfa (Medicago sativa) (Griffin 1991). Reformed habitat coupled with
anthropogenic factors including roads and fences may alter or restrict pronghorn
movement resulting in regionally unique resource selection patterns by the species.
Butte County, South Dakota alone had 45,459 hectares of land cultivated for
agricultural purposes in 2014, including 11,069 hectares of small grains, with winter
wheat as the primary crop (USDA, National Agricultural Statistics Service, unpublished
data). Consequently, landowners often associate pronghorn with crop depredation when
observed occupying agricultural fields (Griffin 1991). However, studies examining the
influence pronghorn have on crop fields such as winter wheat is limited. For example,
Torbit et al. (1993) determined that while pronghorn did remove large amounts of winter
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wheat when forage quality was high from autumn through spring, this removal did not
result in a reduction in grain yields. Moreover, agricultural fields such as alfalfa and
winter wheat may prove beneficial as food resources to pronghorn populations occupying
habitats with limited sagebrush or those that impede movement such as highways and
fences. In Kansas, pronghorn populations were capable of surviving where at least 30%
of the land has been cultivated for crops and was partially dependent on pronghorn
consuming winter wheat and alfalfa during months when additional food sources were
unavailable (Sexson et al. 1981). Despite information generated on pronghorn ecology in
western South Dakota (Jacques et al. 2006, 2007, 2009, 2013, 2015, Jacques and Jenks
2007), limited information is available on resource selection in west-central South
Dakota. Objectives of our study were to 1) document resource selection of adult
pronghorn in western South Dakota and 2) determine the potential importance
agricultural fields may have on pronghorn resource selection in western South Dakota.
STUDY AREA
Our study was conducted in an area encompassing approximately 6,954 km²
within and surrounding Butte County in western South Dakota (Fig 4-1) and included the
Moreau and Belle Fourche river drainage systems (Johnson 1976). Counties surrounding
Butte County included: Harding to the north; Perkins to the east; Meade to the east and
south; and Lawrence to the south. Wyoming and Montana bordered Butte County on the
west. Including Butte County, regions of southern Harding County, western Perkins
County, and northern Meade County that were part of our study area contained 5
pronghorn Game Management Units (GMU’s). GMU’s were defined by political
boundaries including state and county borders and highways. Highways comprised
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approximately 360 km within our study area in western South Dakota and included
highways 20, 34, 79, 85, 168, and 212.
Western South Dakota had a continental climate typically characterized by hot
summers and cold winters. Average annual temperature and precipitation ranged from
about 6°C and 33cm in the northern part to about 8°C and 38cm in southern part,
respectively (Johnson 1976). Annual snowfall averaged roughly 81 cm. Average
elevation was roughly 895m and ranged from 760m to 1148m above sea level within our
study area. Topography was mainly flat to gently rolling with isolated areas of semirugged to rugged scattered buttes and ridges.
Grassland dominated the landscape with intermixed areas of sagebrush (Artemisia
sp.), cropland, and limited stands of ponderosa pine (Pinus ponderosa) and Rocky
Mountain juniper (Juniperus scopulorum). Species of sagebrush encompassing the
eastern extension of the sagebrush-steppe include both big sagebrush (Artemisia
tridentate) and silver sagebrush (Artemisia cana) (Schroder et al. 1999, Smith et al.
2004). Winter wheat (Triticum aestivale) and alfalfa (Medicago sativa) largely comprised
cultivated crops within our study area. Grassland in western South Dakota largely
consists of mixed- to short-grass prairie and include western wheatgrass (Agropyron
smithii), prairie junegrass (Koeleria pyramidata), buffalograss (Buchloe dactyloides),
green needlegrass (Stipa viridula), needle-and-thread (S. comate), side oats grama
(Bouteloua curtipendula), and blue grama (B. gacilis; Jacques et al. 2007a). Grasslands
comprised the largest area at approximately 80% of the landscape, while sagebrush and
cropland made up less than 10% each (USDA 2016). The majority of rangelands within
our study area were used as grazing land for cattle (Bos taurus), sheep (Ovis aries), and
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horses (Equus ferus) from ranching or farming. However, other wild large mammals
including mule deer (Odocoileus hemionus) and white-tailed deer (O. virginianus) also
occupied regions and habitats similar to pronghorn in our study area.
METHODS
Capturing
From 12-13 February 2015 and on 14 March 2016 we captured adult (>1.5 years
old) and yearling (0.5 – 1.5 years old) female pronghorn distributed throughout Butte
County in western South Dakota using a modified .308 caliber net gun administered by a
helicopter capture service company (Quicksilver Air, Peyton, Colorado, and Fairbanks,
Alaska, USA). Pronghorn were netted from the helicopter and were hobbled, blindfolded,
and examined at the capture location to reduce stress on those individuals (Jacques et al.
2009). We fitted pronghorn with VHF (Very High Frequency) radio-equipped neck
collars (Advanced Telemetry Systems, Inc, Isanti, Minnesota, USA) fitted with mortality
sensors designed to activate after the transmitter had remained inactive for 8 hours. We
aged radio-collared pronghorn as adults or yearlings based on incisor wear and
replacement (Dow and Wright 1962). We removed all hobbles and blindfolds from
pronghorn once processing was complete. After release we recorded handling time and
the capture location using a Global Positioning System (GPS, Garmin International Inc.,
Olathe, Kansas). All animal handling methods followed the American Society of
Mammologists guidelines for mammal care and use (Sikes et al. 2016) and were
approved by the South Dakota State University Institutional Animal Care and Use
Committee (Approval No. 14-095A).
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Locational Monitoring
From February 2015 to December 2016, we located adult pronghorn 1 to 3 times
per week and yearling pronghorn at least once every two weeks using hand-held
directional antennas (Advanced Telemetry Systems, Inc., Isanti, Minnesota, USA) or a
fixed-wing Cessna 172 aircraft (South Dakota Wing, Civil Air Patrol, Rapid City, SD,
USA). Locations were acquired using radio-telemetry (Advanced Telemetry Systems,
Inc., Isanti, Minnesota, USA) and optical equipment (i.e., spotting scopes and binoculars;
Nikon Inc., Melville, NY, USA) until each radio-collared animal was visually observed.
We assigned locations to individuals with Universal Transverse Mercator (UTM)
coordinates (UTM Zone 13N, NAD 1983 Continental United States) using hand-held
GPS units (Garmin International Inc., Olathe, Kansas, USA). To mitigate potential biases
associated with home range sizes and maintain daytime temporal independence
(Kernohan et al. 1998), we attempted to locate pronghorn at different times during the
day and at least 2 days apart.
Resource Selection Analysis
Locational data were imported into ArcMap 10.4.1 (ESRI, Inc., Redlands, CA,
USA) to generate minimum convex polygons (MCP) around seasonal locations of adult
female pronghorn. We imported MCP’s over 2011 National Land Cover Data (NLCD,
United States Department of Agriculture 2016) and year-specific agricultural crop
production spatial data from the Cropland Data Layer (Cropscape) provided by the
National Agricultural Statistics Service (National Agricultural Statistics Service 2016) in
ArcMap 10.4.1 (ESRI, Inc., Redlands, CA, USA). We calculated resource use and
availability through geospatial analysis for each MCP and season examined. Resource
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use and availability was compared and reclassified based on visually ground-verified
habitat field data collected during summer 2015, winter 2015-16, and summer 2016.
Availability was determined using the random point tool, which generated an equal
number of available (random) data points as used data points found in each MCP (n = 15)
for each season (n = 3).
Design III analysis with α = 0.10 was used to calculate habitat selection for
pronghorn (Klaver et al. 2008). Design III analysis determines individual habitat use and
availability (Manly et al. 2002). Because a large number of individuals were sampled and
many pronghorn exhibited gregarious behavior, we pooled seasonal data based on
geographically isolated populations within our study area. Highways were used as
boundaries separating groups of pronghorn as we failed to document any locational
interactions between adult pronghorn separated by such confines during the three seasons
examined. We calculated selection ratios and chi-square tests for habitats selected by
pronghorn using program R (R Core Team 2016) and the adehabitat package (Calenge
2006). Selection ratios were used to determine positive, negative, or neutral selection for
specified habitat types. We determined selection of habitat with selection ratios (ŵ)
differing significantly from 1. For confidence intervals where wᵢ did not contain the value
1 and the upper limit was <1 the specified habitat was considered avoided. For
confidence intervals where wᵢ did not contain the value 1 and the lower limit was >1 the
specified habitat was considered selected (Manly et al. 2002).
To examine the potential effect drought conditions may have on pronghorn
proximity to water sources within our study area, we used the Palmer Drought Severity
Index (PDSI) comprising northwestern South Dakota. The Palmer Drought Severity
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Index (National Oceanic and Atmospheric Administration, www.ncdc.noaa.gov) attempts
to measure the duration and intensity of long-term drought-inducing weather circulation
patterns.
RESULTS
We captured and fitted 40 adult (>18 months) and 10 yearling (6-18 months)
female pronghorn with radiocollars during 12-13 February 2015 in western South
Dakota. On 14 March 2016, we captured and radiocollared an additional 10 adults and 1
yearling female pronghorn. We collected 4,786 visual locations from 67 individual adult
female pronghorn from February 2015 to December 2016 during 3 seasonal home range
periods including summer 2015 (n = 35), winter 2015-16 (n = 40), and summer 2016 (n
=49). Summer and winter home range periods extended from May-October and
November-April, respectively. We categorized adult pronghorn into 5 (NC, NE, NW, SE,
SW) geographically unique populations separated by highways in western South Dakota
(Fig 3-1). Habitat examined for used and available locations included rangeland
(grassland, shrubland, and barren habitats), alfalfa/hay, winter wheat and small grains
(spring wheat, barley, oats, sorghum), and harvested/idle. We failed to document adult
female pronghorn using other resources. However, resource availability encompassing
minimum convex polygons in each region also included water (e.g., reservoirs, streams),
developed (e.g., roads), and trees (Table 3-1).
For summer 2015, we used 4 different habitat categories (i.e., rangeland,
alfalfa/hay, winter wheat and small grains, harvested/idle) encompassing summer home
ranges of 35 adult female pronghorn. We collected 1,248 locations from 1 May to 31
October. Overall, we documented pronghorn using native rangeland 93.2% of the time
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(Fig 3-2). Alfalfa/hay and small grain fields were used 4.8% and 1.5%, respectively (Fig
3-2). Use of fallow/idle fields by adult female pronghorn was <0.005% (Fig 3-2).
However, habitat use of rangelands by pronghorn in the southeast and southwest regions
of our study area were 86.3% and 86.1%, respectively (Fig 3-2). In comparison,
rangeland use by pronghorn groups in the northwest and northcentral regions was 100%
and 95.9% in the northeast (Fig 3-2). As a result, agricultural use (alfalfa/hay, small
grains, harvested/idle) by pronghorn in the southeast and southwest was 13.7% and
13.9%, respectively. Comparatively, agricultural use was 0% in the northwest and
northcentral and 4.1% in the northeast regions of the study area.
For winter 2015-16, we used 4 different habitat categories (i.e., rangeland,
alfalfa/hay, winter wheat and small grains, harvested/idle) encompassing 40 adult female
pronghorn home ranges from 1,572 locations collected from 1 November to 30 April.
Pronghorn were documented using native rangeland 87.3% of the time (Fig 3-3).
Alfalfa/hay and small grain fields were used 3.6% and 5.0%, respectively (Fig 3-3). Use
of fallow/idle fields by adult female pronghorn was 4.1% (Fig 3-3). However, habitat use
of rangelands by pronghorn in the southeast and southwest regions of our study area were
67.8% and 82.4% (Fig 3-3), respectively. In comparison, rangeland use by pronghorn
groups in the northwest (100%), northcentral (99.3%), and northeast (95.2%) was higher
(Fig 3-3). As a result, agricultural use (alfalfa/hay, small grains, and fallow/idle fields) by
pronghorn in the southeast and southwest was 32.2% and 17.6%, respectively.
Comparatively, agricultural use was 0% in the northwest, <1% in the northcentral, and
4.8% in the northeast regions.
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For summer 2016, we used 4 different habitat categories (i.e., rangeland,
alfalfa/hay, winter wheat and small grains, harvested/idle) encompassing summer home
ranges of 49 adult female pronghorn. We collected 1,966 locations from 1 May to 31
October. Overall, we documented pronghorn using native rangeland 94.7% of the time
(Fig 3-4). Alfalfa/hay and small grain fields were used 2.6% and <1%, respectively (Fig
3-4). Use of fallow/idle fields by adult female pronghorn was 2.6% (Fig 3-4). However,
habitat use of rangelands by pronghorn in the southwest region of our study area was
84.9% (Fig 3-4). In comparison, rangeland use by pronghorn groups in the northwest
(100%), northcentral (100%), northeast (97.4%), and southeast (95.7%) was higher (Fig
3-4). As a result, agricultural use (alfalfa/hay, small grains, and fallow/idle fields) by
pronghorn in the southwest was 15.1%. Comparatively, agricultural use was 0% in the
northwest and northcentral, 2.6% in the northeast, and 4.3% in the southeast regions.
We determined that pronghorn were not using habitat in proportion to its
availability for all seasons examined (P < 0.001). In summer 2015, we documented
pronghorn selecting for alfalfa/hay (ŵ = 3.688, CI = 1.450 – 5.925) and harvested/idle
fields (ŵ = 6.000, CI = 6.000 – 6.000) (Table 3-2). We documented neutral selection for
native rangelands (ŵ = 0.954, CI = 0.898 – 1.011) and winter wheat/small grains (ŵ =
1.667, CI = -0.010 – 3.340; Table 3-1). For the winter of 2015-16, we documented
selection of winter wheat/small grains (ŵ = 6.077, CI = 4.793 – 7.361; Table 3-2). We
documented neutral selection of native rangelands (ŵ = 0.937, CI = 0.831 – 1.042),
alfalfa/hay (ŵ = 0.789, CI = 0.011 – 1.566), and harvested/idle fields (ŵ = 2.826, CI = 4.423 – 10.075) during the winter (Table 3-2). In summer 2016, we documented
pronghorn selecting for alfalfa/hay (ŵ = 1.417, CI = 1.178 – 1.655) and harvested/idle
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fields (ŵ = 6.375, CI = 6.375 – 6.375; Table 3-2). We documented neutral selection of
native rangelands (ŵ = 0.976, CI = 0.931 – 1.021) and negative selection of winter
wheat/small grains (ŵ = 0.143, CI = -0.074 – 0.360) during summer 2016 (Table 3-2).
We documented neutral selection of water sources during summer 2015 (<2 km,
ŵ = 1.082, CI = 0.983 – 1.180; >2 km, ŵ = 0.653, CI = 0.262 – 1.044, Table 3-3).
However, pronghorn selected for water sources < 2 km from locations during winter
2015-16 (ŵ = 1.058, CI = 1.013 – 1.103, Table 3-3) and summer 2016 (ŵ = 1.044, CI =
1.010 – 1.078, Table 3-3) and avoided water sources (i.e., > 2 km) during winter 2015-16
(ŵ = 0.731, CI = 0.524 – 0.938, Table 3-2) and summer 2016 (ŵ = 0.751, CI = 0.513 –
0.889, Table 3-3). The Palmer Drought Severity Index (National Oceanic and
Atmospheric Administration, www.ncdc.noaa.gov) for northwestern South Dakota
reported very moist to extremely moist conditions (PDSI range = +3.00 and above)
during summer months of 2015 and moderate to average drought conditions (PDSI range
= -2.99 to +1.99) during summer months of 2016 (Fig 3-5). Winter 2015-16 drought
conditions ranged from average to very moist (PDSI range = -1.99 to +3.99; Fig 3-5).
DISCUSSION
Pronghorn populations within the Great Plains are susceptible to declines in part
due to habitat loss and degradation (O’Gara and Yoakum 2004). Subsequently,
vegetation possibly influences pronghorn distributions and densities more than any other
environmental factor because it provides forage as well as cover from predation and
inclement weather (O’Gara and Yoakum 2004). When animals are unable to select and
use needed resources, survival and recruitment on those populations may be adversely
affected (Fagen 1988).
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Seasonal patterns in forage selection by pronghorn are related in part to
availability of higher quality forage containing high crude protein levels (Griffin 1991).
This is particularly the case during the winter when forbs are no longer available, grasses
cure, and snows limit accessibility (Kilgore and Fairbanks 1997). As a result, higher
concentrations of fats and proteins make sagebrush a preferred winter forage for
pronghorn (Martinka 1967, Sundstrom et al. 1973). Unfortunately, we were unable to
accurately classify sagebrush habitats from National Land Cover Data (NLCD, United
States Department of Agriculture 2016) and thus, combined grassland, sagebrush, and
barren habitats as one resource category (i.e., rangeland). More so, combining grassland,
sagebrush, and barren habitats resulted in some regions (i.e., Northwest, Northcentral,
Northeast) experiencing nearly complete coverages of a single resource category
contributing to neither selection nor avoidance for that habitat. Future land coverages that
are capable of depicting accurate sagebrush distributions in South Dakota will likely
improve our understanding of sagebrush selection by pronghorn. Even so, pronghorn in
Yellowstone National Park were reported showing no preference for particular cover
types (Boccadori 2002, Boccadori et al. 2008), including sagebrush. Boccadori et al.
(2008) hypothesized that this was likely related to low percent canopy coverages of
herbaceous plants and shrubs (10-38%, Bocadorri 2002) that likely could not support
sustained feeding by pronghorn to meet nutritional demands. Similarly, low percent
canopy coverages of sagebrush in western South Dakota likely require pronghorn to
utilize a diversity of cover types.
Pronghorn positively selected for alfalfa and hay fields in summer 2015 and 2016
during our study. Griffin (1991) reported that selection of alfalfa during winter in
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Harding County, South Dakota corresponded to higher crude protein content (CDC) of
forage. In comparison, our study indicated that pronghorn used alfalfa fields during late
summer. This was comparable to other Northern Great Plains populations in central
Montana where alfalfa field use progressively increased after midsummer (Cole 1956,
Messenger 1978). Sexson et al. (1981) noted that alfalfa was consumed more in April and
November than in other months in western Kansas. Likewise, alfalfa was most abundant
in the diet of pronghorn during fall, early winter, and spring in northwestern South
Dakota (Messenger 1978). Additionally, we observed pronghorn selecting for harvested
and idle cropland during both summers. However, total number of observations of
pronghorn on harvested and idle cropland was low and we hypothesize that close
proximity of these fields to alfalfa and hay fields may have contributed largely to this low
use.
Pronghorn use of wheat fields and other small grains in western South Dakota
during our study was similar to other studies that found most selection from autumn to
spring. Cole and Wilkins (1958) reported small grain fields being used 21% of the time
throughout the year with most use occurring during the fall and winter in central
Montana. Likewise, Sexson et al. (1981) reported winter wheat comprising a substantial
part of the diet of pronghorn during October through March in Kansas. In Colorado,
winter wheat was 74% of the diet of pronghorn between November and April (Hoover et
al. 1959). Selection of winter wheat by pronghorn is likely explained by the nutritional
quality of growing wheat during winter. Crude protein levels of winter wheat gradually
increase from November to January, then rapidly increase through March before
dropping in late April (Torbit et al. 1993). In Harding County, South Dakota, Griffin
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(1991) reported increased pronghorn use of grain fields from spring to summer. While
dissimilar from our study, Griffin (1991) noted that low availability of winter wheat
compared to spring grains during recent droughts likely contributed to lower use during
the winter.
The amount of potential damage to alfalfa and small grain fields incurred by
pronghorn during our study in western South Dakota was not determined. However, we
observed few instances when pronghorn were documented using winter wheat and other
small grains during summer months. This observation was comparable to Alldredge et al.
(1987) who found pronghorn use of winter wheat fields significantly declined prior to
culm elongation when wheat was most susceptible to grazing damage. Further research
was unable to distinguish differences in wheat yields involving pronghorn use and
ground-level clipping treatments in Montana (Cole and Wilkins 1958) or free-ranging
versus fenced enclosure trials examined in Colorado (Torbit et al. 1993). In northern
Utah, Austin and Urness (1995) determined that ungulate foraging failed to significantly
decrease grain yields despite high utilization by pronghorn, mule deer, and elk (Cervus
elaphus). In fact, grazing winter wheat fields by livestock during fall and spring prior to
jointing is common practice; farmers receive foraging benefits provided to cattle while
experiencing no loss in yield production (Swanson 1935). Interestingly, unaffected wheat
yields may actually improve landowner tolerance to pronghorn and encourage hunting as
an economically beneficial incentive.
Previous studies have demonstrated the importance water resources have on
ungulates, especially parturient females and young offspring that extensively use water
resources during summer months (Bleich et al. 1997, Grovenburg et al. 2011). We
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observed pronghorn selecting positively for water sources <2 km and negatively for water
sources >2 km during both winter 2015-16 and summer 2016. This was potentially
amplified by drought conditions throughout 2016. In comparison, we documented no
selection or avoidance of water sources greater than or less than 2 km by pronghorn
during summer 2015, which may be explained by higher precipitation throughout that
year. Landscapes receiving only 12.7 to 38.1 cm (5 to 15 inches) of precipitation a year
support more than 98% of pronghorn populations (O’Gara and Yoakum 2004).
Consequently, studies in Wyoming described the highest pronghorn densities where
pronghorn were within 6.4 km (4 km) of water (Sundstrom 1968). In desert habitats of
southern North America, DeVos and Miller (2005) reported Sonoran pronghorn locations
occurred more frequently near water while areas farthest from water sources were used
less than expected. In Arizona, pronghorn rarely traveled more than 1.6 km from water
(Okenfels et al. 1994). Without water, northern pronghorn populations are vulnerable to
health and reproduction stress (Beale and Smith 1970, Whisler 1984). Subsequently,
pronghorn will frequently drink water when available (Sundstrom 1968, Beale and Smith
1970, Yoakum 1994). Even during winter, pronghorn were stressed when snow and free
water were not available in Wyoming (Guenzel et al. 1982, Cook 1984).
We speculate that quality of habitat may potentially differ regionally as we
observed higher distributions of sagebrush in the northcentral, northeast, and northwest
regions compared to the southeast and southwest regions. In Wind Cave National Park,
annual pronghorn diets consisted of 31.1% sagebrush when only 4% of the total forage
production in the park was sagebrush (Jacques et al. 2006). Consequently, higher quality
natural vegetation available in the northern regions of our study area may potentially alter
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pronghorn habitat selection within those areas. As many forbs begin to decrease in late
summer, sagebrush remains highly nutritious for pronghorn (O’Gara and Yoakum 2004)
and fewer amounts of forage are needed to obtain nourishment compared to that provided
by other vegetation (Sundstrom et al. 1973). In contrast, pronghorn populations in the
southern regions, where sagebrush was considered limited, may possibly be selecting for
alfalfa and winter wheat fields as alternative resources. During both summer 2015 and
2016, 7% of locations for pronghorn groups in the southern regions of our study area
selected for alfalfa and hay fields compared to 1% in the northern regions. Likewise,
during winter 2015-16 we observed 10% of locations within winter wheat fields and 8%
of locations within harvested or idle small grain fields in the southern regions.
Comparatively, <1% of locations were within either winter wheat fields or harvested and
idle crop fields in the northern regions. In Montana, Cole (1956) reported 96% of
pronghorn using the fallow portions of grain fields when selected. We hypothesize that
use of harvested and idle fields is likely related to proximity to winter wheat and alfalfa
fields.
Accessibility to available agricultural fields that include alfalfa and winter wheat
may be beneficial in supporting pronghorn populations when sagebrush is limited. In fact,
populations that are restricted to regions lacking abundant and quality resources are
vulnerable to conditions commonly referred to as an Allee effect (Allee 1931). As a
population’s density becomes lower, a decrease in the population growth rate may occur
(Stephens et al. 1999). In western Nebraska, pronghorn growth rates were more likely to
experience an Allee effect when agricultural crops, especially winter wheat, were lacking
(Hoffman et al. 2010). Conversely, availability of agricultural crops to distinct pronghorn
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populations resulted in weaker Allee effects (Hoffman et al. 2010). Population growth
rates are, in part, affected by weather patterns and the amount of rainfall capable of
promoting plant growth which in turn influence pronghorn productivity and abundance
(Simpson et al. 2005). Undoubtedly, forage availability is a critical component for fawn
production (Yoakum and O’Gara 2000).
Understanding the requirements of critical habitat for pronghorn is essential for
proper management, especially during early life stages (Yoakum 1972). Neonates are
particularly vulnerable to predation with survival dependent on habitat quality and bed
site characteristics (Von Gunten 1978, Tucker and Garner 1983, Byers 1997, Yoakum
and O’Gara 2000). In western South Dakota, Jacques et al. (2015) demonstrated that
regional variation in survival of neonatal pronghorn was associated, in part, with
availability of vertical structure (e.g., shrub cover) at bed sites. While we did not directly
measure the influence habitat characteristics had on survival during our study, research
provided by Jacques et al. (2015) demonstrated the complexity landscape variability has on
neonatal survival. For example, Jacques et al. (2015) suggested that higher grassland
coverage, larger grassland patch size, lower shrub density, and increasing availability of
open water may have contributed to increased predation for neonates regionally within
western South Dakota. This was consistent with previous research examining neonate
survival in wild ungulates (Canon and Bryant 1997, Rohm et al. 2007, Jacques et al. 2007b)
and reiterates the importance of managing high quality habitat for pronghorn in western
South Dakota.
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MANAGEMENT IMPLICATIONS
Management plans should consider the nutritional influence agricultural fields
and precipitation may have on supporting populations. Alfalfa and winter wheat fields
were alternative habitat resources for pronghorn in western South Dakota during late
summer and winter for spatially unique populations. Similarly, proximity to water
resources, especially during years with drought, were important habitat components for the
species. Additionally, geographically isolated populations separated by physical barriers
impeding movement between habitat resources lacking quantity and quality could represent
areas where habitat manipulation would improve resource availability to pronghorn.
Ensuring availability of selected habitats will be necessary to ensure survival of pronghorn
populations in a region largely devoted to agricultural practices and potentially vulnerable
to a changing climate. Future research endeavors should attempt to understand the
significance of sagebrush habitats on pronghorn resource selection in western South
Dakota; a region encompassing the eastern expanse of sagebrush-steppe communities.
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Table 3-1. Resource availability encompassing regional (NC, NE, NW, SE, SW) minimum convex polygons for adult female
pronghorn in western South Dakota.
Summer 2015

NC

NE

NW

SE

SW

Availability (%)
98.84
0.39
0.01
0.00
0.31
0.12
0.33

Availability (%)
96.01
1.37
0.10
0.01
0.27
0.11
2.11

Availability (%)
99.19
0.01
0.00
0.00
0.14
0.63
0.02

Availability (%)
94.82
1.81
2.69
0.07
0.39
0.17
0.06

Availability (%)
93.12
3.54
0.66
1.01
0.50
0.95
0.20

Winter 2015-16

NC

NE

NW

SE

SW

Habitat

Availability (%)
98.38
0.62
0.00
0.09
0.41
0.16
0.34

Availability (%)
95.85
1.38
0.25
0.12
0.28
0.12
1.96

Availability (%)
99.03
0.01
0.00
0.00
0.32
0.61
0.03

Availability (%)
96.37
1.27
0.88
0.73
0.36
0.29
0.11

Availability (%)
86.22
7.48
0.87
3.10
0.49
1.19
0.62

NC

NE

NW

SE

SW

Availability (%)
97.35
1.41
0.39
0.01
0.37
0.13
0.32

Availability (%)
95.86
1.34
0.41
0.02
0.33
0.11
1.89

Availability (%)
99.32
0.03
0.00
0.00
0.23
0.41
0.02

Availability (%)
96.41
1.45
0.38
1.05
0.37
0.29
0.04

Availability (%)
84.87
7.54
3.56
1.79
0.41
1.09
0.70

Habitat
Rangeland
Alfalfa/Hay
Winter Wheat/Small Grains
Fallow/Harvested
Water
Developed
Trees

Rangeland
Alfalfa/Hay
Winter Wheat/Small Grains
Fallow/Harvested
Water
Developed
Trees

Summer 2016
Habitat
Rangeland
Alfalfa/Hay
Winter Wheat/Small Grains
Fallow/Harvested
Water
Developed
Trees
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Table 3-2. Habitat resource selection ratios for adult female pronghorn using Design III (Manly et al. 2002) in western South
Dakota, 1 May 2015 – 31 October 2016.

Season
Summer 2015

Winter 2015-16

Summer 2016

Rangeland* (ŵ, CI)
0
ŵ = 0.954
CI = 0.898 - 1.011
0
ŵ = 0.937
CI = 0.831 - 1.042
0
ŵ = 0.976
CI = 0.931 - 1.021

Alfalfa & Hay
+
ŵ = 3.688
CI = 1.450 - 5.925
0
ŵ = 0.789
CI = 0.011 - 1.566
+
ŵ = 1.417
CI = 1.178 - 1.655

Rangeland: included grassland, sagebrush, and barren ground habitats
Summer 2015 – 1 May 2015 to 31 October 2015
Winter 2015-16 – 1 November 2015 to 31 April 2016
Summer 2016 – 1 May 2016 to 31 October 2016
No selection or no avoidance = 0
Selection = +
Avoidance = −

Winter Wheat &
Small Grains
0
ŵ = 1.667
CI = -0.010 - 3.340
+
ŵ = 6.077
CI = 4.793 - 7.361
ŵ = 0.143
CI = -0.074 - 0.360

Harvested & Idle
+
ŵ = 6.000
CI = 6.000 - 6.000
0
ŵ = 2.826
CI = -4.423 - 10.075
+
ŵ = 6.375
CI = 6.375 - 6.375
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Table 3-3. Distance to water resource selection ratios for adult female pronghorn using
Design III (Manly et al. 2002) in western South Dakota, 1 May 2015 – 31 October 2016.
Distance to Water
Season
Summer 2015

Winter 2015-16

Summer 2016

< 2 km
0
ŵ = 1.082
CI = 0.983 - 1.180
+
ŵ = 1.058
CI = 1.013 – 1.103
+
ŵ = 1.044
CI = 1.010 – 1.078

Summer 2015 – 1 May 2015 to 31 October 2015
Winter 2015-16 – 1 November 2015 to 31 April 2016
Summer 2016 – 1 May 2016 to 31 October 2016
No selection or no avoidance = 0
Selection = +
Avoidance = −

> 2 km
0
ŵ = 0.653
CI = 0.262 - 1.044
ŵ = 0.731
CI = 0.524 – 0.938
ŵ = 0.751
CI = 0.513 – 0.889
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Fig 3-1. Regional boundaries within study area (green outline) examining pronghorn
resource selection in western South Dakota, 2015-16.

NC = Northcentral
NE = Northeast
NW = Northwest
SE = Southeast
SW = Southwest
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Fig. 3-2. Percent difference of habitat types used overall and regionally by 35 adult female
pronghorn during summer 2015 (1 May – 31 October) in western South Dakota.
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Fig. 3-3. Percent difference of habitat types used overall and regionally by 40 adult female
pronghorn during winter 2015-16 (1 November – 30 April) in western South Dakota.
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Fig. 3-4. Percent difference of habitat types used overall and regionally by 49 adult female
pronghorn during summer 2016 (1 May – 31 October) in western South Dakota.
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Fig. 3-5. Palmers Drought Severity Index (National Oceanic and Atmospheric
Administration, www.ncdc.noaa.gov) for northwestern South Dakota from 1 May 2015 to
31 October 2016.
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CHAPTER 4
SIGHTABILITY OF PRONGHORN IN WESTERN SOUTH DAKOTA
Abstract: Effectively managing pronghorn (Antilocapra americana) to achieve
management and conservation strategies is dependent on accurately estimating
population abundance. However, despite pronghorn occupying relatively flat and open
habitats, detecting all animals in a population remains difficult due to visibility bias.
Currently, South Dakota Game, Fish and Parks implements biennial aerial pronghorn
surveys for determining distribution and status within management units, but information
corresponding to visibility bias remains limited. Objectives of our research were to
reevaluate visibility bias and construct a logistic regression model for estimating
pronghorn sightability during spring aerial count surveys. From mid-April to late May of
2015 and 2016 we conducted a total of nine sightability flights. A total of 50 adult and 16
yearling radio-collared pronghorn was used to develop our sightability models. Group
size, activity, cover type, topography, and background were selected as sightability
coefficients for estimating visibility bias. We collected a total of 235 group observations
containing at least one radio-collared pronghorn with an overall detection probability of
0.86. Through logistic regression, coefficients for group size (i.e., ≥1 individual),
topography (i.e., terrain ruggedness), and background (i.e. vegetation greenness of
pronghorn group location perceived by the survey observers) were factors that influenced
the detection of pronghorn during model development: µ = 5.27 + 0.09 (group size) –
0.04 (topography) – 0.54 (background). Model averaging determined a relative variable
importance of 1.00 for topography, 0.75 for background, and 0.53 for group size. This
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information provides additional support to South Dakota game managers for modeling
pronghorn populations within the state.
INTRODUCTION
Effectively managing wildlife to achieve management and conservation strategies
is dependent on accurately estimating population abundance. Since the 1940’s, aerial
surveys, with the use of fixed-wing aircraft, have been frequently used for monitoring
ungulates (Caughley 1979). For pronghorn (Antilocapra americana), fixed-wing aircraft
provide a more economically feasible method for estimating populations when ground
surveys and helicopters are impractical. Sampling methods that have been used to survey
pronghorn populations include total counts, trend counts, strip counts, and line transect
counts (Guenzel 1997). Total count surveys attempt to count all animals within a
particular region, while strip counts provide frequencies of animals within a fixed
distance (i.e., 800 m) of a transect (Guenzel 1994, Guenzel 1997). However, despite
pronghorn occupying relatively flat and open habitats, research has shown detecting all
animals in a population to be a virtually impossible endeavor (Caughley et al. 1976,
Marsh and Sinclair 1989, Jacques et al. 2014). Caughley (1977) reported a 12-71%
detection failure when aerially surveying animals known to be present in areas
characterized by flat and open terrain. Consequently, resulting inferences will be biased
low when population estimation fails to incorporate variation in detection (Lee and Bond
2016). Underestimates of true population size are heavily influenced by visibility bias
(Caughley 1974, Samuel et al. 1987) such as factors related to landscape heterogeneity
(Steinhorst and Samuel 1989).
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Visibility bias is described by Caughley (1974, 1977) as a failure to observe all
individuals or groups of animals in an area and is the underlying cause of inaccuracy
during aerial surveys. Influences affecting detectability include both intrinsic and
extrinsic factors (Jacques et al. 2014). Intrinsic factors include group size and animal
behavior, while extrinsic factors may be related to conditions such as topography,
vegetation composition, and observer experience (Caughley et al. 1976; Marsh and
Sinclair 1989). One method to account for visibility bias for estimating populations is the
development of sightability models (Samuel et al. 1987). Sightability models estimate
population size by calculating detection probabilities for variables (e.g., groups size)
potentially affecting detection of animals in surveys (Samuel et al. 1987) using marked
animals (Anderson 1994, Jarding 2010). Through radio telemetry, animals can be marked
prior to and at the time of each aerial survey (Grassel 2000) and provide a sample of the
population in which detection probabilities from observed and non-observed groups can
be determined.
Steinhorst and Samuel (1989) provided five assumptions that must be met when
applying sightability models: 1) a demographically and geographically closed population;
2) animal groups are independently observed; 3) observed groups are correctly counted
only once; 4) the survey design for land units is specified; 5) the probability of observing
a group is known or can be estimated. Additionally, unbiased results produced from
future surveys are only possible when conducted under conditions similar to those in
which the sightability model was developed (Smyser 2016). Sightability models that have
been examined for estimating population size for large ungulates include elk (Cervus
elaphus; Samual et al. 1987), bighorn sheep (Ovis canadensis; Bodie et al. 1995), moose
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(Alces alces; Anderson and Lindsey 1996), mule deer (Odocoileus hemionus; Ackerman
1998), white-tailed deer (Odocoileus virginianus; Grassel 2000; Robling 2011), oryx
(Oryx gazella gazelle; Krueger et al. 2007) and mountain goats (Oreamnos americanus;
Rice et al. 2009).
Original sightability models using mark-resight techniques for estimating
population size and visibility bias for pronghorn within South Dakota were provided by
Jacques et al. (2014). Using strip-transect surveys with fixed-wing aircraft, Jacques et al.
(2014) identified that visibility coefficients including group size, animal activity, and
percent vegetation successively estimated unbiased pronghorn abundance. Currently,
South Dakota Game, Fish and Parks implements biennial aerial pronghorn surveys for
determining distribution and status within the state. However, sightability information
corresponding to existing survey protocol remains limited. Therefore, our objectives were
to develop a sightability model by evaluating visibility biases from biennial spring aerial
count surveys used to estimate pronghorn abundance.
STUDY AREA
Our study was conducted in an area encompassing approximately 6,954 km²
within and around Butte County in western South Dakota (Fig 4-1) and included the
Moreau and Belle Fourche river drainage systems (Johnson 1976). Counties surrounding
Butte County included: Harding to the north; Perkins to the northeast; Meade to the east
and south; and Lawrence to the south. Both Wyoming and Montana bordered Butte
County on the west. Including Butte County, regions of southern Harding County,
western Perkins County, and northern Meade County were part of our study area and
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contained 5 pronghorn Game Management Units (GMU’s). GMU’s were defined by
political boundaries including state and county borders and highways.
Western South Dakota had a continental climate typically characterized by hot
summers and cold winters. Average annual temperature and precipitation ranged from
about 6°C and 33cm in the northern part to about 8°C and 38cm in southern region
(Johnson 1976). Annual snowfall averaged roughly 81 cm. Average elevation was
roughly 895m and ranged from 760m to 1148m above sea level within our study area.
Topography was mainly flat to gently rolling with isolated areas of semi-rugged to
rugged scattered buttes and ridges.
Grassland dominated the landscape with intermixed areas of sagebrush (Artemisia
sp.), cropland, and limited stands of ponderosa pine (Pinus ponderosa) and Rocky
Mountain juniper (Juniperus scopulorum). Species of sagebrush encompassing the
eastern extension of the sagebrush-steppe include both big sagebrush (Artemisia
tridentate) and silver sagebrush (Artemisia cana) (Schroder et al. 1999, Smith et al.
2004). Winter wheat (Triticum aestivale) and alfalfa (Medicago sativa) largely comprised
cultivated crops within our study area. Grassland in western South Dakota largely
consists of mixed to shortgrass prairie and typical species include western wheatgrass
(Agropyron smithii), prairie junegrass (Koeleria pyramidata), buffalograss (Buchloe
dactyloides), green needlegrass (Stipa viridula), needle-and-thread (S. comate), side oats
grama (Bouteloua curtipendula) and blue grama (B. gacilis; Jacques et al. 2007).
Grasslands comprised the largest area at approximately 80% of the landscape, while
sagebrush and cropland made up less than 10% each (USDA 2016). The majority of
rangelands within our study area were used as grazing land for ranching or farming.
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METHODS
Capturing
During 12-13 February 2015 and 14 March 2016 we captured adult (>1.5 years
old) and yearling (0.5–1.5 years old) female pronghorn distributed throughout Butte
County, southeastern Harding County, and southwestern Perkins County in western
South Dakota using a modified .308 caliber net gun by a helicopter capture service
company (Quicksilver Air, Peyton, Colorado, and Fairbanks, Alaska, USA). Pronghorn
were netted from the helicopter and were hobbled, blindfolded, and examined at the
capture location to minimize stress on those individuals (Jacques et al. 2009). We fitted
pronghorn with VHF (Very High Frequency) radio equipped neck collars (Advanced
Telemetry Systems, Inc., Isanti, Minnesota, USA) equipped with mortality sensors
designed to activate after the transmitter had remained inactive for 8 hours. We aged
radio-collared pronghorn as adults or yearlings based on incisor wear and replacement
(Dow and Wright 1962) and removed hobbles and blindfolds once processing was
complete. After release we recorded handling time and the capture location using a
Global Positioning System (GPS).
Survey Methods
Radio-collared pronghorn were used for evaluating detection probabilities and
associated visibility biases. We conducted sightability flights from 1 to 20 May 2015 and
15 April to 6 May 2016 during the spring green-up when vegetation was actively growing
to coincide with South Dakota Game, Fish and Parks biennial surveys for pronghorn.
Prior to each flight, we determined the location of radio-collared pronghorn to maximize
survey efficiency using ground telemetry. Surveys were flown using a fixed-wing Cessna
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172 aircraft equipped with a 2-element H-antenna (Advanced Telemetry Systems, Inc.,
Isanti, MN) mounted to each wing strut. Two primary observers and one non-observer
were present during surveys. The two primary observers included the pilot and a South
Dakota Game, Fish and Parks employee both positioned in the front seat of the aircraft. A
non-observer was positioned in the backseat of the aircraft. While also maintaining the
flight of the aircraft, the pilot and non-pilot observer searched for pronghorn on opposite
sides of the plane. The non-observer monitored for radio-collared pronghorn using a
receiver (Advanced Telemetry Systems, Inc., Isanti, Minnesota, USA) to detect radiocollar frequencies that were only detectable through the non-observer’s headset. All
observers were trained prior to surveys.
Survey blocks were created prior to flights using Garmin BaseCamp software
with transects spaced 800 m apart and oriented north-south. We attempted to position
transects in a manner to fence lines or roads that could provide additional reference for
sampling distance when possible. The aircraft was flown at a prescribed height of 45-60
m above the ground at speeds ranging from 125-145 km/hr (Grassel 2000). The two
observers identified all observed pronghorn groups within 400 m of each transect and
notified the non-observer who determined if the group was associated with a radiocollared individual. If we could not determine if a radio-collared individual was
associated with a detected group or if a radio-collared individual within a group was not
detected (Grassel 2000), we interrupted the search pattern immediately after completing
the survey of the area with the group in question. We recorded the group size (≥1
individual), group behavior (i.e., activity), cover type, topography (i.e., terrain
ruggedness), and background (i.e., vegetation greenness of pronghorn group location
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perceived by the survey observers) for all groups observed or not observed with at least 1
radio-collared individual. Groups with more than 1 radio-collared animal were recorded
as one distinct group (Samuel et al. 1987). We assigned locations to groups with
Universal Transverse Mercator (UTM) coordinates (UTM Zone 13N, NAD 1983
Continental United States) using hand-held GPS units. We continued our search pattern
at the location where it was interrupted after collection of the data on the group (Grassel
2000).
Group size was recorded as the number of pronghorn within a group greater than
or equal to one. Activity of the group was recorded as bedded, standing, or running for
the first individual seen. Cover type included shortgrass, tallgrass, sagebrush,
Agricultural field, and barren ground. Background was determined as the dryness of a
group’s location based on the landscape color as seen from the plane and was classified
as either green, brown, or mixed. We recorded cover type and background based on the
type being occupied by the majority of the group (Robling 2011). Locations collected
using GPS units were used to determine the topographic terrain ruggedness for each
group observed.
Sightability Analysis
Group size and topography were treated as continuous and activity, cover type,
and background as categorical data during our analysis. Digital Elevation Models (DEM)
with 1 meter resolution (USGS 2017) of our study area were imported into ArcMap
10.4.1 and used to develop a terrain ruggedness index (TRI) for pronghorn in western
South Dakota. TRI values for each grid cell of the DEM were calculated by the sum
change in elevation between a grid cell and its neighboring eight cells (Riley et al. 1999).
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We imported GPS locations for each recorded group into ArcMap 10.4.1 and created
400m radius buffers around each point. Each TRI raster cell value within the buffer was
averaged for a total TRI for each area corresponding to a group observation (Riley et al.
1999). We classified the resulting ruggedness index values for each buffer from values
provided by Riley et al. (1999) where values 0-80m were considered flat and values
>80m as uneven.
We performed a logistic regression analysis using generalized linear modeling in
program R (R Development Core Team 2016) from pronghorn sightability observations.
We treated pronghorn groups detected or not detected as the dependent or response
variable. Independent or explanatory variables included; group size, activity, cover type,
topography, and background. The logistic model used in the analysis for predicting
sightability followed Samuel et al. (1987):
𝑒𝑢

𝑝 = 1+𝑒 𝑢
Where 𝑝 is the probability of observing a group of pronghorn and 𝑢 = 𝛽0 + 𝛽1 𝑋1 +
𝛽2 𝑋2 … . +𝛽𝑘 𝑋𝑘 is the logistic regression equation of β covariates (𝑋1 , 𝑋2 … . 𝑋𝑘 )
significantly influencing sightability (Unsworth et al. 1999, Grassel 2000). We only
considered statistically significant model parameters with 85% confidence intervals that
failed to overlap 0 (Arnold 2010). We tested for multicollinearity using a variance
inflation factor (VIF; Zurr et al. 2009) and Pearson’s correlation (Zarr 1984). Only one
variable from a set of collinear variables was selected when a VIF value greater than 3
exists (Zurr et al. 2009).
Multiple hypotheses and selected models were evaluated using informationtheoretic methods (Burnham and Anderson 1998). We used second-order AIC (𝐴𝐼𝐶𝑐 )
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with small sample bias adjustment and number of parameters (K) to select the models
that best described the data (Burnham and Anderson 1998) using the formula:
𝐴𝐼𝐶𝑐 = 𝐴𝐼𝐶 + 2𝐾(𝐾 + 1)/(𝑛 − 𝐾 − 1)
Delta AIC (Δ𝑖 ) was calculated as 𝐴𝐼𝐶𝑐 − 𝑚𝑖𝑛𝑖𝑚𝑢𝑚(𝐴𝐼𝐶𝑐 ), where
minimum(𝐴𝐼𝐶𝑐 ) is the lowest AIC from competing models. The model with Δ𝑖 = 0 was
considered the best model. We used Akaike weights (𝑤𝑖 ) to evaluate model selection
uncertainty and determined relative variable importance through model averaging. Model
averaging provides better accuracy and reduces bias, thereby providing relatively more
stable inferences to sightability (Burnham and Anderson 2002). Additionally, we
assessed predictive capability for our models by examining the Receiver Operating
Characteristic (ROC). Excellent discrimination values of the ROC are between 0.80 and
0.90; however, values between 0.70 and 0.80 also are considered acceptable
discrimination (Hosmer and Lemeshow 2000). Lastly, we calculated odds ratios and 90%
confidence intervals for each covariate in the top 2 models (Hosmer and Lemeshow
2000)
RESULTS
From 1 – 20 May 2015 and 15 April to 6 May 2016, we conducted sightability
flights on 46 and 66 radio-collared pronghorn, respectively. In 2015, radio-collared
pronghorn included 36 adult females and 10 yearling females. In 2016, radio-collared
pronghorn included 50 adult females and 16 yearlings (5 males; 11 females). We
recorded 97 group observations during 5 flights in 2015 and 138 group observations
during 4 flights in 2016. Of the total 235 group observations, we detected 201 groups and
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failed to observe 34 groups for an overall detection probability of 0.86 (Table 4-1).
Average group size was 5.73 individuals.
We generated 235 terrain ruggedness index (TRI) values for each sightability
location observed during surveys to determine the ruggedness coefficient (i.e.,
topography). Minimum and maximum TRI values were 20.8 and 123.9, respectively. We
documented 190 groups within a TRI value categorized as level or flat terrain (0-80 m);
overall detection probability was 0.90. The remaining 45 groups were categorized as
uneven terrain (>80 m) with an overall detection probability of 0.67.
We observed low to moderate multicollinearity as analysis of predictor variables
revealed VIF < 2. Stepwise regression determined p-values for the intercept and
independent variables group size, topography, and background were significant (p ≤
0.15). The logistic regression portion of the model was:
𝑦 = 5.27 + 0.09(𝑔𝑟𝑜𝑢𝑝 𝑠𝑖𝑧𝑒) − 0.04(𝑡𝑜𝑝𝑜𝑔𝑟𝑎𝑝ℎ𝑦) − 0.54(𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑) (Table 4-3)
Independent variables that did not influence the detection probability of pronghorn were
activity (p > 0.15) and cover type (p > 0.15). We analyzed seven models that included
covariates of group size, topography, and background (Table. 4-2). The 𝐴𝐼𝐶𝑐 best
selected model was model 1 and included all independent covariates (Table. 4-2).
However, model selection uncertainty existed with substantial support for model 2
(∆𝐴𝐼𝐶 ≤ 2). Akaike weights for the top models were 0.39 and 0.35 (Table. 4-2),
respectively. Model averaging determined a relative variable importance of 1.00 for
topography, 0.75 for background, and 0.53 for group size. Analysis of ROC determined
the predictive ability of the top model was acceptable with a value of 0.74. For model 1,
the odds of observing a pronghorn increased by 1.09 (85% CI = 1.01 – 1.19) for group
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size per additional individual (Table 4-3). In contrast, the odds of observing a pronghorn
decreased by 0.59 (85% CI = 0.39 – 0.85) as the background turned more brown, and
decreased by 0.96 (85% CI = 0.95 – 0.98) as the topography became more rugged.

DISCUSSION
Group size, topography, and background were primary factors influencing
sightability of pronghorn in western South Dakota for our study. Topography had the
greatest relative variable importance for the visibility coefficients evaluated. Our results
are comparable to previously reported sightability models for ungulates where
topography influenced detectability (Anderson and Lindzey 1996, Bodie et al. 1995,
Jacques et al. 2014). In South Dakota, Jacques et al. (2014) reported topography as the
most influential variable for predicting pronghorn sightability in Harding County and the
second most influential variable for predicting pronghorn sightability in Fall River
County. Our results are consistent with pronghorn generally preferring relatively flatter
open terrain. Consequently, pronghorn had a 23% higher detection probability when
occupying areas of flat terrain compared to uneven terrain during aerial flights. Likewise,
topography has been shown to effect detectability for other species as well. Anderson and
Lindzey (1996) determined that topography influenced the sightability of moose in
Wyoming. Moreover, Bodie et al. (1995) reported that bighorn sheep groups on middle
and upper slopes were less visible than those on lower slopes and above canyons.
Background (i.e., green, brown, mixed) also significantly influenced pronghorn
detectability during our sightability trials. A mixed background produced a negative
effect on detecting groups, while a green background produced a positive effect. Previous
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research provided by Bleich et al. (2001) suggested that reduced sightability of Tule elk
(Cervus elaphus nannodes) was associated with vegetation characteristics in which
groups occupying dry (brown) habitats had a lower color contrast with the vegetation,
resulting in lower detectability. We believe pronghorn occupying habitats with unique
landscape backgrounds due to differences in environment (i.e. water, soil type,
vegetation) had a similar effect on detectability. A mixed heterogeneous background had
the largest effect and a 15% lower detection probability compared to green homogenous
backgrounds. Jacques et al. (2014) determined that increased grass cover positively
influenced pronghorn sightability in western South Dakota by providing a uniform
landscape that maximized color contrast between pronghorn and vegetation. In contrast,
sagebrush habitats resulted in reduced detection due to a more complex environment that
increased concealment for the species (Jacques et al. 2014).
Group size has influenced detection of deer (Cook and Jacobson 1979, Robling
2011, Samuel and Pollack 1981), moose (Gassaway et al. 1985), elk (Samuel et al. 1987,
Anderson et al. 1998, Cogan and Diefenbach 1998), and pronghorn (Jacques et al. 2014).
Jacques et al. (2014) indicated pronghorn groups with more than 5 individuals had high
detection probabilities (≥0.89), which was comparable to our findings (≥0.86). However,
group size for our study was unsubstantial with a calculated relative variable importance
of 0.53 and a model (topography, background, and group size) weight of 0.39.
Consequently, there was relatively little support for classifying model 1 as the best model
with an evidence ratio of 1.12. Given the 7 candidate models and the data set, model 1
was 1.12 times more likely than model 2 as the best model. When there are several
models with ΔAIC𝑖 < 2, those models strongly compete for the position of best
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approximating model (Symonds and Moussalli 2011). Use of group size as a predictor for
estimating pronghorn sightability somewhat contradicts information previously reported
by Jacques et al. (2014) model selection for pronghorn in western South Dakota. We
hypothesize that smaller sample size (our study: n = 235; Jacques et al. (2014): n = 620)
collected during our study may have contributed to group size having lower relative
variable importance. Furthermore, only 9% of our sightability observations documented a
group with >10 individuals. In comparison, Jacques et al. (2014) documented 22% of
observations having >10 individuals.
Animal activity (Bedded, Standing, or Running) and cover type (Short Grass, Tall
Grass, Sagebrush, Ag Field, or Barren Ground) did not significantly (𝑃 ≥ 0.15) influence
pronghorn sightability in western South Dakota. However, the probability of detecting
pronghorn did increase compared to groups bedded versus running. Jacques et al. (2014)
reported group activity was the most influential variable in predicting pronghorn when
canopy cover was a limited factor. Sightability models for deer (Ackerman 1988, Grassel
2000) have additionally shown group activity to significantly affect group detection when
the effect of canopy cover was limited. An important requirement in ungulate sightability
models is correctly recording animal activity for observed and unobserved animal groups
(Anderson and Lindzey 1996). However, we believe accurately determining animal
activity difficult for groups of pronghorn missed during surveys. Even when immediately
measuring sightability coefficients for groups missed during surveys, differences in
animal behavior are likely to exist from the time the group went undetected to when it
was eventually encountered. Consequently, activity as an adequate predictor in pronghorn
sightability models may be impossible due to potential bias. Information provided by
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Jacques et al. (2014) somewhat contradicts this assumption as they assumed potential
errors due to misclassifying animal activity or recounting animals on adjacent transects
were minimal. During Jacques et al. (2014) study, they failed to detect pronghorn on
adjacent transects after initial detection of the group during aerial surveys. In fact, the
non-observer in the plane failed to recall any occasions where pronghorn ran more than
500 m after fleeing from the approaching aircraft (Jacques et al 2014).
In South Dakota, Jacques et al. (2014) reported cover type as one of the three
most influential variables in predicting pronghorn sightability in Harding County, but not
Fall River County. Additionally, Jacques et al. (2014) noted that differences in vegetation
composition between counties may have been associated with differences in pronghorn
detectability. For our research, cover type was an insignificant factor for pronghorn
sightability within and surrounding Butte County. Our study area was dominated by
grassland habitats with intermixed areas of sagebrush and minimal cropland. We believe
that differences in seasonal resource selection, habitat availability, and cover type
classification during aerial surveys may have contributed to 208 of 235 groups being
categorized as short-grass habitat.
Sightability models for ungulates in South Dakota have been examined on many
species, including white-tailed deer (Robling 2011), mule deer (Grassel 2000), pronghorn
(Jacques et al. 2014) and elk (Jarding et al. 2010). We examined an overall detection
probability of 0.86 from 235 total groups of pronghorn surveyed in western South
Dakota. Additionally, our results had a detection probability (DP) 22% higher (DP=0.64)
than previous reports on pronghorn examined by Jacques et al. (2014). We believe
differences in survey methodologies may have contributed to variability in pronghorn
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detectability as Jacques et al. (2014) incorporated line-transect distance sampling
techniques similar to those provided by Guenzel (1997). Consequently, sightability
protocols for our study were designed to complement pronghorn surveys performed by
South Dakota Game, Fish and Parks. Yet, failure to standardize aerial surveys has
contributed to the inability to accurately and precisely assess pronghorn abundance
estimates (Guenzel 1997).
MANAGEMENT IMPLICATIONS
Sightability models provide an important tool for mitigating survey bias when
estimating wildlife populations. This study examined the extent pronghorn populations
are potentially underestimated in western South Dakota. Results for this study indicated
that group size, background, and topography were primary factors influencing pronghorn
detectability due to both behavioral and environmental complexities. We believe our
results will help assist South Dakota game managers in estimating pronghorn populations
within the state by incorporating correction factors during spring aerial surveys.
However, it is important that future surveys carefully replicate the procedures used
during model development to maximize overall effectiveness and reduce bias.
Additionally, we recommend examining the geographic variability of pronghorn
populations found throughout South Dakota. Doing so will allow for stronger annual
inferences in population change.
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Table 4-1. Pronghorn sightability results by independent variable from spring aerial
survey observations (n=235) from western South Dakota, 2015-2016
Number of Groups
Not
Detected Detected

Variable
DPᵃ
95% CI
Group Size
1
11
8
0.58
0.36-0.80
2
21
4
0.84
0.70-0.98
3
29
4
0.88
0.77-0.99
4
29
3
0.91
0.81-1.01
5
23
3
0.88
0.76-1.01
6-10
67
11
0.86
0.78-0.94
11-19
19
1
0.95
0.85-1.05
20+
2
0
1.00
1.00-1.00
Behavior
Bedded
22
6
0.79
0.63-0.94
Standing
100
18
0.85
0.78-0.91
Running
79
10
0.89
0.82-0.95
Cover Type
Short Grass
180
28
0.87
0.82-0.91
Tall Grass
2
1
0.67
0.13-1.20
Sagebrush
8
4
0.67
0.40-0.93
Ag Field
4
0
1.00
1.00-1.00
Bare Ground
7
1
0.88
0.65-1.10
Topography
Flat
170
20
0.90
0.86-0.94
Uneven
30
15
0.67
0.53-0.80
Background
Brown
53
7
0.88
0.80-0.96
Green
92
9
0.91
0.86-0.97
Combination
56
18
0.76
0.66-0.85
DPᵃ = (no. of groups detected) / (no. of groups detected + no. of groups not detected)
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Table 4-2. Candidate models for predicting pronghorn sightability in western South
Dakota, 2015-2016.
∆𝐀𝐈𝐂𝐢𝐝
𝛚𝐞𝐢
Model #
𝐌𝐨𝐝𝐞𝐥 𝐂𝐨𝐯𝐚𝐫𝐢𝐚𝐭𝐞𝐬𝐚
𝐊𝐛
𝐀𝐈𝐂𝐜𝐜
𝐑𝐎𝐂 𝐟
Model 1
GS + BACK + TOP
4
181.41
0
0.39
0.74
Model 2
BACK + TOP
3
181.63
0.22
0.35
0.71
Model 3
GS + TOP
3
183.54
2.13
0.14
0.73
Model 4
TOP
2
183.91
2.50
0.11
0.71
Model 5
GS + BACK
3
191.84
10.43
0.00
0.64
Model 6
BACK
2
193.32
11.91
0.00
0.61
Model 7
GS
2
194.32
12.91
0.00
0.61
ᵃAbbreviations: GS = pronghorn group size, BACK = background (brown, green, and
combination), TOP = topography (flat and uneven)
ᵇ No. of parameters
ᶜ Akaike’s Information Criterion adjusted for small sample size
ᵈ Differences ∆i between model AICc values
ᵉ Akaike weights ωi
ᶠ ROC = area under the receiver operating characteristic curve. Values between 0.7 and
0.8 were considered acceptable discrimination, and values between 0.8 and 0.9 were
considered excellent discrimination (Hosmer and Lemeshow 2000).
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Table 4-3. Parameter estimates and odds ratios for the top 2 models developed to
explain pronghorn sightability in western South Dakota.
85% CI
Odds
Model and Variable
Estimate
SE
Ratio
Lower Upper
Group Size + Background +
Topography
Group Size
0.09
0.06
1.09
1.00
1.19
Background
-0.54
0.27
0.59
0.39
0.85
Topography
-0.04
0.01
0.96
0.95
0.98
Intercept
5.27
1.13
Background + Topography
Background
-0.54
0.26
0.58
0.40
0.85
Topography
-0.04
0.01
0.96
0.94
0.98
Intercept
5.84
1.07
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Fig. 4-1. Sightability study area (green region) for pronghorn in western South Dakota,
2015-2016.
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Appendix A. Captured radio-collared adult (>18 months) and yearling (6-18 months)
pronghorn in western South Dakota, February 2015.
Capture
Date
2/13/2015
2/13/2015
2/13/2015
2/13/2015
2/13/2015
2/12/2015
2/13/2015
2/12/2015
2/13/2015
2/12/2015
2/13/2015
2/12/2015
2/12/2015
2/12/2014
2/12/2015
2/12/2014
2/13/2015
2/12/2015
2/13/2015
2/12/2015
2/13/2015
2/12/2015
2/13/2015
2/12/2015
2/13/2015
2/12/2015
2/13/2015
2/12/2015
2/13/2015
2/12/2015
2/13/2015
2/12/2015
2/13/2015
2/12/2015
2/13/2015
2/12/2015
2/13/2015
2/12/2015
2/13/2015
2/12/2015
2/13/2015
2/12/2015
2/13/2015
2/12/2015
2/13/2015
2/12/2015
2/13/2015
2/13/2015
2/13/2015
2/12/2015

Collar
Frequency
150.506
150.514
150.545
150.553
150.994
151.003
151.014
151.022
151.035
151.053
151.064
151.095
151.113
151.124
151.134
151.155
151.174
151.194
151.205
151.213
151.224
151.234
151.245
151.254
151.266
151.274
151.283
151.294
151.303
151.314
151.324
151.332
151.344
151.353
151.364
151.375
151.384
151.394
151.405
151.414
151.425
151.435
151.443
151.454
151.464
151.474
151.483
151.494
151.525
151.564

Age
A
A
A
A
Y
Y
A
A
A
A
A
A
A
Y
Y
A
A
A
Y
A
A
Y
A
A
A
Y
A
Y
A
A
A
A
A
Y
A
Y
A
A
A
A
A
A
A
A
A
A
A
A
A
A

EHD
AGID
Neg.
Pos.
Neg.
Pos.
Neg.
Neg.
Neg.
Pos.
Neg.
Neg.
Pos.
Neg.
Pos.
Neg.
Neg.
Neg.
Pos.
Pos.
Neg.
Neg.
Pos.
Neg.
Pos.
Pos.
Pos.
Neg.
Neg.
Neg.
Neg.
Pos.
Pos.
Pos.
Neg.
Neg.
Neg.
Neg.
Pos.
Pos.
Pos.
Neg.
Neg.
Pos.
Pos.
Pos.
Pos.
Pos.
Neg.
Pos.
Neg.
Pos.

WNV
SN
Pos.
Neg.
Pos.
Pos.
Neg.
Neg.
Neg.
Pos.
Pos.
Neg.
Pos.
Neg.
Pos.
Neg.
Neg.
Pos.
Pos.
Pos.
Neg.
Neg.
Pos.
Neg.
Pos.
Pos.
Pos.
Neg.
Neg.
Neg.
Pos.
Neg.
Pos.
Pos.
Neg.
Neg.
Neg.
Neg.
Neg.
Pos.
Pos.
Pos.
Neg.
Pos.
Pos.
Pos.
Pos.
Pos.
Neg.
Neg.
Pos.
Pos.

BTV
cELISA
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Pos.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Pos.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.

Disease Exposure
BVDV-1
Neo IFA
SN
Neg.
Neg.
Neg.
Neg.
Weak Pos.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Weak Pos.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Pos.
Neg.
Neg.
Neg.
Pos.
Neg.
Neg.
Neg.
Neg.
Weak Pos.
Neg.
Neg.
Neg.
Neg.
Neg.
Weak Pos.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.

BVDV-2
SN
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Pos.
Neg.
Pos.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.

PI-3
SN
Neg.
Pos.
Neg.
Neg.
Neg.
Neg.
Neg.
Pos.
Neg.
Pos.
Neg.
Neg.
Pos.
Neg.
Neg.
Pos.
Neg.
Pos.
Neg.
Neg.
Pos.
Neg.
Pos.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Pos.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Pos.
Pos.
Pos.
Neg.
Neg.
Neg.
Pos.
Pos.
Pos.
Pos.
Neg.
Neg.
Neg.
Neg.
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Appendix B. Captured radio-collared adult (>18 months) and yearling (6-18 months)
pronghorn in western South Dakota, March 2016.
Capture
Date
3/14/2016
3/14/2016
3/14/2016
3/14/2016
3/14/2016
3/14/2016
3/14/2016
3/14/2016
3/14/2016
3/14/2016
3/14/2016

Collar
Frequency
150.545
150.843
151.014
151.064
151.095
151.194
151.274
151.294
151.364
151.464
151.473

Age
A
A
A
Y
A
A
A
A
A
A
A

EHD
AGID
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

WNV
SN
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

Disease Exposure
BTV
Neo
BVDV-1
cELISA
IFA
SN
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

BVDV-2
SN
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

PI-3
SN
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
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Appendix C. Captured radio-collared neonate pronghorn in western South
Dakota, 2015.
Capture
Date

Collar
Frequency

5/14/2015
5/14/2015
5/14/2015
5/18/2015
5/18/2015
5/18/2015
5/19/2015
5/19/2015
5/19/2015
5/19/2015
5/19/2015
5/19/2015
5/20/2015
5/21/2015
5/21/2015
5/21/2015
5/22/2015
5/22/2015
5/22/2015
5/22/2015
5/23/2015
5/23/2015
5/23/2015
5/23/2015
5/23/2015
5/23/2015
5/23/2015
5/24/2015
5/24/2015
5/24/2015
5/24/2015
5/25/2015
5/25/2015
5/26/2015
5/26/2015
5/28/2015
5/28/2015
5/29/2015
5/31/2015
6/19/2015

151.613
151.943
151.962
151.952
151.753
151.605
151.744
151.813
151.673
151.912
151.733
151.623
151.824
151.703
151.803
151.782
151.764
151.572
151.713
151.594
151.652
151.924
151.934
151.863
151.832
151.584
151.632
151.722
150.861
151.663
151.902
151.882
151.994
151.843
151.974
151.692
151.982
151.684
151.772
151.794

Sex

Weight
(kg)

Time
(min)

Doe
Frequency

Twin
Frequency

F
F
M
F
F
F
M
M
M
M
F
M
M
F
F
M
M
M
F
M
M
M
F
F
F
M
M
M
F
M
F
M
M
F
M
M
F
M
M
M

N/A
N/A
N/A
2.5
2.4
2.3
4.8
3.0
2.7
4.1
4.1
6.2
8.0
4.0
3.1
5.7
5.1
5.1
3.6
N/A
3.9
4.0
3.3
3.1
3.9
3.9
3.9
4.0
4.2
3.7
3.1
4.9
4.8
2.9
N/A
2.8
3.5
N/A
3.2
N/A

3
3
3
3
5
5
12
5
4
5
5
3
3
4
4
3
5
5
4
1
5
5
4
4
1
5
4
2
2
1
1
7
3
7
3
4
4
2
5
1

151.494
151.494
Random
Random
150.514
150.514
Random
Random
Random
Random
Random
Random
Random
Random
Random
Random
151.224
151.224
Random
151.405
Random
Random
Random
Random
151.435
Random
Random
Random
Random
Random
Random
Random
Random
151.443
151.245
Random
Random
Random
Random
Random

151.943
151.613
N/A
N/A
151.605
151.753
151.623
151.673
151.813
151.733
151.912
151.744
N/A
151.713
N/A
N/A
151.572
151.764
151.703
N/A
151.924
151.652
151.863
151.934
N/A
N/A
N/A
150.861
151.722
151.902
151.663
N/A
N/A
N/A
N/A
151.982
151.692
N/A
N/A
N/A
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Appendix D. Captured radio-collared neonate pronghorn in western South
Dakota, 2016.
Capture
Date

Collar
Frequency

5/12/2016
5/12/2016
5/16/2016
5/16/2016
5/17/2016
5/17/2016
5/17/2016
5/17/2016
5/17/2016
5/18/2016
5/18/2016
5/18/2016
5/18/2016
5/18/2016
5/18/2016
5/18/2016
5/18/2016
5/18/2016
5/18/2016
5/18/2016
5/19/2016
5/19/2016
5/19/2016
5/19/2016
5/19/2016
5/19/2016
5/19/2016
5/19/2016
5/19/2016
5/19/2016
5/19/2016
5/19/2016
5/19/2016
5/20/2016
5/20/2016
5/20/2016
5/20/2016
5/20/2016
5/20/2016
5/21/2016

150.922
151.644
150.742
151.100
150.752
150.881
150.901
150.912
150.932
150.702
150.772
150.782
150.793
150.803
150.822
150.851
150.892
151.072
151.533
151.543
150.722
150.812
150.872
150.971
150.982
151.042
151.082
151.141
151.162
151.181
151.512
151.551
151.863
150.712
150.733
150.942
151.782
151.794
151.912
150.832

Sex

Weight
(kg)

Time
(min)

Doe
Frequency

Twin
Frequency

F
M
F
F
F
M
F
F
F
F
M
F
F
M
F
F
M
M
F
M
F
M
M
F
UNK
F
F
M
M
F
M
F
F
M
M
F
M
M
F
M

3.4
3.3
3.5
3.1
3.6
3.9
3.0
3.9
N/A
N/A
3.2
3.5
3.1
3.8
3.3
3.0
2.8
3.8
3.4
3.2
N/A
3.6
3.3
3.9
N/A
3.4
3.1
3.7
3.4
4.3
3.7
4.2
3.2
N/A
N/A
N/A
3.7
N/A
N/A
3.4

3
3
5
3
5
3
3
7
4
10
5
3
2
4
3
3
3
5
7
7
2
4
4
8
2
6
5
2.5
7
5
4
3
4
2
5
3
2
6
3
2

Random
Random
150.553
Random
Random
Random
Random
Random
151.224
151.405
150.553
Random
151.435
Random
151.435
Random
Random
Random
Random
Random
Random
Random
Random
Random
Random
Random
Random
Random
Random
Random
Random
151.474
Random
Random
Random
151.274
Random
151.113
Random
Random

151.863
151.584
150.932
151.141
150.912
151.543
151.072
151.082
N/A
150.922
150.881
150.892
150.803
151.793
150.772
151.533
150.851
151.512
N/A
150.712
150.742
151.782
150.702
150.722
151.551
151.042
151.181
150.812
151.912
N/A
N/A
N/A
N/A
151.100
N/A
N/A
150.761
150.952
151.572
N/A

Continued.
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Appendix D. Captured radio-collared neonate pronghorn in western South
Dakota, 2016.
Capture
Date

Collar
Frequency

5/21/2016
5/21/2016
5/22/2016
5/22/2016
5/22/2016
5/22/2016
5/23/2016
5/23/2016
5/26/2016
5/26/2016
5/26/2016
6/5/2016

150.962
151.504
150.761
151.584
151.623
151.824
150.692
150.952
151.572
151.605
151.962
151.832

Sex

Weight
(kg)

Time
(min)

Doe
Frequency

Twin
Frequency

F
M
M
M
M
F
M
F
F
M
M
M

3.2
3.2
3.8
3.2
3.8
4.4
N/A
4.0
4.4
3.8
N/A
N/A

5
3
5
2
3
6
10
6
4
2
2
3

Random
Random
Random
Random
Random
151.113
151.405
Random
Random
Random
Random
Random

151.162
N/A
150.901
N/A
151.623
150.692
151.644
N/A
N/A
151.824
N/A
151.962

